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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrolyte 
composition having excellent durabilities and charge 
transporting ability as well as a photoelectric conversion 
element and a photoelectric cell using the composition 
that have excellent durabilities and photoelectric 
conversion properties. 

SOLUTION: This electrolyte composition comprises a 
siloxane compound having a repeating unit represented 
by general formula (1) [Rl is L1-Q01 (L1 is a bond or a 
divalent bonding group; Q01 is a substituent group when 
L1 is a bond; and Q01 is a hydrogen atom or a 
substituent group when LI is a divalent bonding group); 
and R2 is L2-Q02 (L2 is a bond or a divalent bonding 
group; Q02 is a substituent group when L2 is a bond; and 
Q02 is a hydrogen atom or a substituent group when L2 
is a divalent bonding group)], and having at least two 
substituent groups that can form a covalent bond when 
reacted with an electrophilic agent. The composition may 
comprise a polymer obtained by reacting the siloxane 

compound with an electrophilic agent having at least two leaving groups. The composition is 
used for forming a photoconversion element and a photoelectric cell. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation.. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The following general formula (1) :. [Formula 1] 
... (D 

R t : LyGw 

(However, Rl LI- QOl (LI expresses combination or a divalent connection machine)) when QOl 
expresses a substituent when LI expresses combination, and LI expresses a divalent connection 
machine, QOl expresses a hydrogen atom or a substituent Expressing, R2 is L2-Q02 (when Q02 
expresses a substituent when L2 expresses combination or a divalent connection machine and L2 
expresses combination, and L2 expresses a divalent connection machine, Q02 expresses a hydrogen 
atom or a substituent.). it expresses The electrolyte constituent characterized by containing the 
siloxane compound which has at least two substituents which react with an electrophile agent and can 
form covalent bond including the repeat unit expressed. 

[Claim 2] The electrolyte constituent characterized by the substituent which reacts with the 
aforementioned electrophilic agent and can form covalent bond in an electrolyte constituent 
according to claim 1 being a basic group. 

[Claim 3] The electrolyte constituent characterized by pKa(s) of the conjugate acid of the compound 
which comes to add hydrogen to the aforementioned basic group being 3-15 in an electrolyte 
constituent according to claim 2. 

[Claim 4] The electrolyte constituent characterized by the aforementioned basic group being an 
imidazolyl machine which is not replaced [ the pyridyl machine which is not replaced / substitution 
or /, substitution, or ] in an electrolyte constituent according to claim 2 or 3. 
[Claim 5] It sets to an electrolyte constituent according to claim 1 to 4, and the aforementioned 
siloxane compound is following general formula (2):. [Formula 2] 

Qr-Ltf— ^o+|i-K>J-|i^i2— 02 ■ • ■ t2) 
R12 W J n Rie 

(however the substituent which Ql and Q2 react with the aforementioned electrophile agent 
independently, respectively, and can form covalent bond are expressed, Rl 1-R16 express 
independently the aryl group which is not replaced [ the alkyl group which is not replaced / 
substitution or /, substitution, or ], respectively, LI 1 and L12 express a divalent connection machine 
independently, respectively, and n expresses the integer of 1-1000. Electrolyte constituent 
characterized by what is expressed by). 

[Claim 6] It sets to an electrolyte constituent according to claim 5, and the aforementioned siloxane 
compound is following general formula (3):. [Formula 3] 

.../tran_webj;gi^ 
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. . .(3) 

(however Ql 1 and Q21 express the atomic group which forms 5 or 6 member ring with a nitrogen 
atom independently, respectively, Rl 1-R16 express independently the aryl group which is not 
replaced [ the alkyl group which is not replaced / substitution or /, substitution, or ], respectively LI 1 
and L12 express a divalent connection machine independently, respectively, and n expresses the' 
integer of 1-1000. Electrolyte constituent characterized by what is expressed by) 
[Claim 7] The electrolyte constituent characterized by being constituted with one or more sorts of 
atoms chosen from the group which the above Ql 1 and Q21 becomes from a carbon atom a 
hydrogen atom, a nitrogen atom, an oxygen atom, and a sulfur atom, respectively in an electrolyte 
constituent according to claim 6. ' 
[Claim 8] The electrolyte constituent characterized by the above 5 or 6 member rings being an 
imidazole ring or a pyridine ring in an electrolyte constituent according to claim 6 or 7 
[Claim 9] : The electrophile agent which has at least two leaving groups, and the following general 
iormula (1) [Formula 4] • 

(However, Rl LI- Q01 (LI expresses combination or a divalent connection machine)) when Q01 
expresses a substituent when LI expresses combination, and LI expresses a divalent connection 
machine, Q01 expresses a hydrogen atom or a substituent Expressing, R2 is L2-Q02 (when O02 
expresses a substituent when L2 expresses combination or a divalent connection machine and L2 
expresses combination, and L2 expresses a divalent connection machine, Q02 expresses a hydrogen 
atom or a substituent.). it expresses The electrolyte constituent characterized by containing the 
polymer which the siloxane compound which has at least two substituents which react with the 
aforementioned electrophile agent and can form covaient bond is made to react including the repeat 
unit expressed, and is obtained. 6 v 

[Claim 10] It sets to an electrolyte constituent according to claim 9, and the aforementioned siloxane 
compound is following general formula (2):. [Formula 5] 

Rl1 feu \ R15 

QrH-ir-sf— o-j-si— oJ-ij-Lk-Qz • • • (2) 
R« \Ri4 / R, a 



•d) 



(however the substituent which Ql and Q2 react with the aforementioned electrophile agent 
independently, respectively, and can form covaient bond are expressed, Rl 1-R16 express 
mdependently the aryl group which is not replaced [ the alkyl group which is not replaced / 
substitution or /, substitution, or ], respectively, LI 1 and L12 express a divalent connection machine 
independently, respectively, and n expresses the integer of 1-1 000. Electrolyte constituent 
characterized by what is expressed by). 

[Claim 1 1] It sets to an electrolyte constituent according to claim 10, and the aforementioned siloxane 
compound is following general formula (3):. [Formula 6] 

(however Ql 1 and Q21 express the atomic group which forms 5 or 6 member ring with a nitrogen 
•^_web_cgi_ejje?u=h^ 
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atom independently, respectively, Rl 1-R16 express independently the aryl group which is not 
replaced [ the alkyl group which is not replaced / substitution or /, substitution, or ], respectively, LI I 
and LI 2 express a divalent connection machine independently, respectively, and n expresses the 
integer of 1 - 1 000. Electrolyte constituent characterized by what is expressed by). 
[Claim 12] The electrolyte constituent characterized by pKa of the conjugate acid of the anion which 
the aforementioned leaving group ****s and produces in an electrolyte constituent according to claim 
9 to 1 1 being ten or less. 

[Claim 13] The electrolyte constituent characterized by the aforementioned leaving group being a 
halogen atom, an alkylsulfonyloxy machine, or an arylsulfonyloxy machine, respectively in an 
electrolyte constituent according to claim 9 to 12. 

[Claim 14] The electrolyte constituent characterized by a solvent content being below 10 mass % of 
the whole electrolyte constituent in an electrolyte constituent according to claim 1 to 13. 
[Claim 15] The electrolyte constituent characterized by containing an iodine salt and/or iodine in 
addition to the aforementioned siloxane compound and the aforementioned polymer in an electrolyte 
constituent according to claim 1 to 14. 

[Claim 16] The electrolyte constituent characterized by being used for a photoelectric cell in an 
electrolyte constituent according to claim 1 to 15. 

[Claim 17] The optoelectric transducer characterized by the aforementioned charge transporting bed 
containing an electrolyte constituent according to claim 1 to 1 6 in the optoelectric transducer which 
has a conductive layer, a photosensitive layer, a charge transporting bed, and a counter electrode. 
[Claim 18] The optoelectric transducer characterized by containing the semiconductor particle to 
which sensitization of the aforementioned photosensitive layer was carried out with coloring matter 
in an optoelectric transducer according to claim 17. 

[Claim 19] The optoelectric transducer characterized by the aforementioned semiconductor particle 
containing a metal chalcogenide particle in an optoelectric transducer according to claim 18. 
[Claim 20] The optoelectric transducer characterized by the aforementioned metal dhalcogenide 
particle containing a titanium oxide particle in an optoelectric transducer according to claim 19. 
[Claim 21] The optoelectric transducer characterized by the aforementioned coloring matter being 
metal complex coloring matter and/or poly methine coloring matter in an optoelectric transducer 
according to claim 1 7 to 20. 

[Claim 22] The photoelectric cell using the optoelectric transducer according to claim 17 to 21 . 
[Translation done.] — — . _ 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] ============^^ 

[0001] 

[The technical field to which invention belongs] this invention relates to the optoelectric transducer 
and photoelectric cell in which the endurance and the photoelectric transfer characteristic which were 
excellent since the electrolyte constituent excellent in endurance and charge transportation ability and 
this electrolyte constituent were used are shown. 
[0002] 

[Description of the Prior Art] The liquefied electrolyte constituent (electrolytic solution) which 
dissolved the electrolyte salt in the solvent has been used from the former as an electrolyte of 
electrochemical elements, such as a cell, a capacitor, a sensor, a display device, and a record element 
However, in the electrochemical element using such a liquefied electrolyte constituent, this 
constituent may be revealed between prolonged use or preservation, and reliability is missing 
[0003] Although U.S. JP,4927721,B etc. is indicating the optoelectric transducer using the 
semiconductor particle which carried out sensitization with coloring matter, and the 
photoelectrochemical cell using this in Nature, the 353rd volume, the 737-740th page, and 1991, 
since the liquefied electrolyte constituent is used for the charge transporting bed also in these, this 
constituent reveals or is drained between prolonged use or preservation, a photoelectric conversion 
efficiency falls remarkably or there is a case where it stops functioning as an element. 
[0004] WO 93/No. 20565 proposed the optoelectric transducer which used the solid electrolyte under 
such a situation. Moreover, the Chemical Society of Japan, 7, 484 pages (1997) JP,7-288142,A Solid 
State Ionics, 89, 263, and (1986) JP,9-27352,A proposed the optoelectric transducer containing'the 
solid electrolyte which used the bridge formation polyethylene-oxide system high molecular 
compound. However, the optoelectric transducer using these solid electrolytes has the photoelectric 
transfer characteristic, especially inadequate short-circuit current density, and, in addition, its 
endurance is not enough, either. 

[0005] Moreover, in order to prevent disclosure and an exhaustion of an electrolyte constituent and to 
raise the endurance of an optoelectric transducer, the method of using a pyridinium salt, an 
imidazohum salt, a thoria ZORIUMU salt, etc. is indicated (WO 95/No. 18456, JP,8-259543,A, 
electrochemistry, the 65th volume, No. 1 1, 923page (1997), etc.). These salts are in a melting state in 
ordinary temperature (near 25 degree C), and are called room temperature fused salt. Since solvents, 
such as water and an organic solvent, are unnecessary or little and can be managed with this method, 
the endurance of a cell improves. However, especially the optoelectric transducer using such room ' 
temperature fused salt has a low open circuit voltage, and its photoelectric conversion efficiency is 
not good. 
[0006] 

[Problem(s) to be Solved by the Invention] Therefore, the purpose of this invention is offering the 
optoelectric transducer and photoelectric cell in which the endurance and the photoelectric transfer 
characteristic which were excellent since the electrolyte constituent excellent in endurance and charge 
transportation ability and this electrolyte constituent were used are shown 
[0007] 

[Means for Solving the Problem] The electrolyte constituent containing the polymer which this 
invention person makes the electrolyte constituent containing a siloxane compound including a 
ht^.V/ww4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_eije 6/3/2003 
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specific repeat unit and this siloxane compound react with an electrophilic agent wholeheartedly in 
view of the above-mentioned purpose as a result of research, and is obtained discovered that the 
outstanding charge transportation ability and outstanding endurance were shown, and hit on an idea 
of it to this invention. 

[0008] namely, the first electrolyte constituent of this invention — following general formula (1): — 
[Formula 7] 



4U 



• r } • • -0) 
Ri:LrQoi 

(However, Rl LI- Q01 (LI expresses combination or a divalent connection machine)) when Q01 
expresses a substituent when LI expresses combination, and LI expresses a divalent connection 
machine, Q01 expresses a hydrogen atom or a substituent Expressing, R2 is L2-Q02 (when Q02 
expresses a substituent when L2 expresses combination or a divalent connection machine and L2 
expresses combination, and L2 expresses a divalent connection machine, Q02 expresses a hydrogen 
atom or a substituent). it expresses It is characterized by containing the siloxane compound which 
has at least two substituents which react with an electrophilic agent and can form covalent bond 
including the repeat unit expressed. 

[0009] Moreover, it is characterized by the second electrolyte constituent of this invention containing 
the polymer which the siloxane compound which has the electrophilic agent which has at least two 
leaving groups, and at least two substituents which react with an electrophilic agent and can form 
covalent bond including the repeat unit expressed by the above-mentioned general formula (1) is 
made to react, and is obtained. 

[0010] The first of this invention and second electrolyte constituents can be preferably used for a 
photoelectric cell. The optoelectric transducer of this invention has a conductive layer, a 
photosensitive layer, a charge transporting bed, and a counter electrode, and it is characterized by this 
charge transporting bed containing the electrolyte constituent of the above first, or the second 
electrolyte constituent. The photoelectric cell of this invention uses this optoelectric transducer. 
[001 1] By filling the following conditions with this invention, the optoelectric transducer and 
photoelectric cell in which the electrolyte constituent which has further excellent endurance or charge 
transportation ability, the further excellent endurance, and the photoelectric transfer characteristic are 
shown are obtained. 

[0012] (1) In the first and second electrolyte constituents, as for the substituent which reacts with an 
electrophilic agent and can form covalent bond, it is desirable that it is a basic group, and this basic 
group is an imidazolyl machine which is not replaced [ the pyridyl machine which is not replaced / 
substitution or /, substitution, or ] especially preferably. As for pKa of the conjugate acid of the 
compound which comes to add hydrogen to this basic group, it is desirable that it is 3-15. 
[0013] (2) As for the siloxane compound used for the first and second electrolyte constituents, being 
expressed by the following general formula (2) is desirable, and being expressed by the following 
general formula (3) is more desirable. 
[Formula 8] 

Ql-L lf -^0+SH-<>J-^-L 12 -Q2 . . .(2) 

The substituent which Ql and Q2 react with the above-mentioned electrophilic agent independently, 
respectively, and can form covalent bond is expressed among a general formula (2), Rl 1-R16 express 
independendy the aryl group which is not replaced [ the alkyl group which is not replaced / 
substitution or /, substitution, or ], respectively, LI 1 and LI 2 express a divalent connection machine 
independently, respectively, and n expresses the integer of 1-1000. 
http://www4.ipdl.jpo.go jp/cgi-bin/tran_web_cgi_ejje 6/3 /2003 
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o-Hft-o ...» 

Sllrn^i 1 GXpTCSS ^ e ^ c which fonns 5 or 6 member ring with a nitrogen atom 
mdependentiy, respecuvely among a general formula (3), Rl 1-R16 express independently Saryl 

^lle^/ 0 '? 11 ^ Q21 ma g eneralfo ^a(3), in the first and second electrolyte 
constituents ,t is desirable respectively to be constituted by one or more sorts of atoms chosen from 

[0015] (4) i As for 5 or 6 member ring which Qll andQ21 in a general formula (3) form with a 
nitrogen atom, respectively, in the first and second electrolyte constituents, it is ffii foey are 
especially an imidazole rmg or a pyridine ring. 31 mey ^ 

[0016] (5) i As for pKa of the conjugate acid of the anion which the leaving group which an 

fsteS 

[001 7] (6) As for the leaving group which an electrophilic agent has, in the second electrolvte 

Innl 9] - (8 i f ° r S e ?"* m t deCtrol y te constituents, it is desirable to contain an iodine salt 

anchor .odine m addition to the above-mentioned siloxane compound and the above-mention^ 

[0020] (9) As for the photosensitive layer of an optoelectric transducer, it is desirable to contain the 
semiconductor partic e by which sensitization was carried out with coloring maZ A TmT 

metal chalcogenide particle, it is desirable that a titanium oxide particle is included MoreovS as for 

cotrn^n^^ 
[0021] 

[Embodiments of the Invention] [1] The first electrolyte constituent of an electrolyte constituent this 
invention contains the specific siloxane compound mentioned later. MoreovS uieTec^nTe^ltfe 
comment of this invention contains the polymer which this siloxane compound L m£ Set ^ 
with the electrophile agent which has at least two leaving groups, and is obtafoS TteZ™?^ 
electrolyte constituent of this invention hardly shows a ^JESSL 
charge transportation abUity. The first of this invention and second electrolyte con^S^ay 

To^ZtT ^ ^ ^ etC - HerCafter ' «* *» ^ infenti^ second 

components of an electrolyte constituent are explained in foil detail 

[0022] (A) The siloxane compound used for the first of a siloxane compound this invention and 
second electrolyte constituents has at least two substituents which react with an ele^opMe Sent and 
can form covalent bond, mcluding the repeat unit expressed by the following general tolln fo 

22ST/ XT?* ° f T enti0D ' ** Sil0xane «> m PO^ revives omamentetion of 
aikylauon, classf the / 4th ]-izmg, etc. by the electrophile agent 

[Formula 10] 
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[0023] Rl expresses L1-Q01 among a general formula (1), and R2 expresses L2-Q02. Here, when 
Q01 expresses a substituent when LI expresses combination or a divalent connection machine and LI 
expresses combination, and LI expresses a divalent connection machine, Q01 expresses a hydrogen 
atom or a substituent. Moreover, when Q02 expresses a substituent when L2 expresses combination 
or a divalent connection machine and L2 expresses combination, and L2 expresses a divalent 
connection machine, Q02 expresses a hydrogen atom or a substituent. when they may also be 
included although a siloxane compound includes one repeat unit expressed by the general formula 
(1), and more than one are included, even if Rl and R2 in each repeat unit are the same respectively, 
they may differ [ two or more ] 

[0024] When LI or L2 expresses a divalent connection machine, as the example An alkylene 
machine, An alkenylene group, an arylene machine, -O, -S-, -CO-, -NR- (R' is a hydrogen atom or 
an alkyl group), - S02- and - SiR" R m - (R - "and R ,M - Respectively Alkyl Group --) An aryl 
group an alkoxy group or aryloxy groups, such combination, etc. are mentioned. Especially -(CH2) 
ml-, -0-, -(OCH2CH2) ml-, - M1-0-, -(OCH2CH2) M1-CH2-, (OCH2CH2) - Ml-, - 
(OCH2CH2CH2) M1-0-, (OCH2CH</SUB>2CH2) - (OCH2CH2CH2) ml-CH2-, -(CH2) ml-(Si 
(CH3)2-0) m2-, and -0-(CH2) ml-(Si(CH3)2-0) m2- is desirable. In addition, ml and m2 express 
the integer of 1-20, respectively. 

[0025] the case where Q01 and Q02 express a substituent - as the example of a desirable substituent 
- an alkyl group (the shape of a straight chain --) You may be a letter of branching, or annular. For 
example, a methyl group, an ethyl group, n-propyl group, An isopropyl machine, t-butyl, n-octyl 
machine, a ray KOSHIRU machine, 2-chloro ethyl group, 2-cyano ethyl group, a 2-ethylhexyl 
machine, a cyclohexyl machine, a cyclopentylic group, axyl groups (for example, a phenyl group -), 
such as a 4-n-dodecyl cyclohexyl machine Heterocycle machines, such as p-tolyl group, a naphthyl 
group, and m-chlorophenyl machine (it is the univalent basis which comes preferably to remove one 
hydrogen atom from the aromatic heterocycle compound or un-aromatic heterocycle compound 
which is not replaced [ the substitution of 5 or 6 members, or ]) For example, 2-furil machine, 2- 
thienyl group, 2-pyrimidinyl group, 2-pyridyl machine, halogen atoms (for example, a chlorine atom - 
-), such as 4-pyridyl machine and 1-imidazolyl machine a cyano group, a nitro group and hydroxyl 
groups, such as a bromine atom and an iodine atom, and an alkoxy group (for example, a methoxy 
machine --) An ethoxy basis, an isopropoxy group, a t-butoxy machine, n-octyloxy machine, a 2- 
methoxyethoxy machine, -0(CH2CH20) mCH3 grade, and a silyloxy machine (for example, a 
trimethyl silyloxy machine -) t-buthyldimethyl silyloxy machine, a trimethoxy silyloxy machine, etc., 
an acyloxy machine (for example, a formyloxy machine, an acetyloxy machine, and a pivaloyloxy 
machine --) A stearoyl oxy-basis, a benzoyloxy machine, p-methoxypheny carbonyloxy group, etc., a 
carbamoyloxy machine (for example, N and an N-dimethylcarbamoyloxy machine --) A N,N- 
diethylcarbamoyloxy machine, morpholino carbonyloxy group, An N and N-G n-octyl aminocarbonyl 
oxy-basis, an N-n-octyl carbamoyloxy machine, etc., alkoxy carbonyloxy group (for example, a 
methoxycarbonyloxy machine «) An ethoxycarbonyloxy machine, t-buthoxycarbonyloxy machine, n- 
octyl carbonyloxy group, etc., aryloxy carbonyloxy group (for example, a phenoxy carbonyloxy 
machine --) p-methoxy phenoxy carbonyloxy machine, an p-n-hexadecyl oxy-phenoxy carbonyloxy 
machine, etc., the amino group (for example, the amino group, a methylamino machine, a 
dimethylamino machine, and the Ernie Reno machine ~) the acylamino machines (for example, a 
formylamino machine -), such as N-methyl ANIRINO machine and a diphenylamino machine An 
acetylamino machine, the pivaloyl amino group, the lauroyl amino group, a benzoylamino machine, 
3, 4, a 5-tree n-octyloxy phenyl carbonylamino machine, etc., the aminocarbonyl amino group (for 
example, carbamoyl amino machine, N, and N-dimethylamino carbonylamino machine --) N and N- 
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diethylamino carbonylamino machine, a morpholino carbonylamino machine, etc an 
alkoxycarbonylamino machine (for example, a memoxycarbonylamino machine -) An 
etho^carbonylamino machine, t-butoxycarbonylamino machine, n-octadecyloxycarbonylaniino 
machine aryloxycarbonylamine machines (for example, a phenoxycarbonylamino machine -) such 
as N-methyl methoxycarbonylamino machine p-chloro phenoxycarbonylamino machine an m-n- 
octyloxy phenoxycarbonylamino machine, etc., a sulfamoylamino group (for example ' 
sulfamoylamino group, N, and N-dime%lamino sulfonylamino machine -) alkyl sulfonylamino 
machmes (for example, a methylsulfonylamino machine -), such as an N-n-octyl amino 
sulfonylamino machine aryl sulfonylamino machines (for example, a phenyl sulfonylamino machine - 
-), such as a butylsulphonylamino machine 2, 3, 5-TORHCURORO phenyl sulfonylamino machine p- 
methylphenyl sulfonylammo machine, etc., a sulfhydryl group and an alkyl thio machine (for ' 
example, a methylthio machine and an ethyl thio machine -) aryl thio machines (for example a 
phenylthio machme -), such as an n-hexadecyl thio machine heteiocycle thio machines (for example 
a 2-benzothiazolethio group -), such as p-chloro phenylthio machine and m-methoxy phenylthio ' 
machme sulfamoyl groups (for example, N-ethyl sulfamoyl group -), such as a 1-phenyl tetrazole-5- 
RUCfflO machme N-(3-dodecyloxy propyl) sulfamoyl group, N, and N-dimethyl sulfamoyl group 
N-acetyl sulfamoyl group, N-benzoyl sulfamoyl group, alkyl sulfinyl machines (for example I 

ffofet^ T^* ",'1' T h ^'-P^^oyl) sulfamoyl group aryl sulfinyl machines 
(for examp e, a pheny sulfinyl machme -), such as an ethyl sulfinyl machine alkyl sulfonyl machines 
(for example, a methyl sulfonyl machine -), such as p-methylphenyl sulfinyl machine aryl sulfonyl 
machmes (for example, a phenyl sulfonyl machine --), such as an ethyl sulfonyl machine acyl groups 
(for example, an acetyl group -), such as p-methylphenyl sulfonyl machine A pivaloyl machine 2- 
chloro acetyl group, a stearoyl machine, a benzoyl, aryloxy carbonyl groups (for example, a phenoxy 
carbonyl group ~) such as an p-n-octyloxy phenyl carbonyl group o-chloro phenoxy carbonyl group 
m-mtroglycerine phenoxy carbonyl group, alkoxy carbonyl groups (for example, a methoxycarbonyl 
group ~), such as a p-t-butyl phenoxy carbonyl group An ethoxycarbonyl machine 'a t- 
butoxycarbonyl machine, n-octadecyl oxycarbonyl machine, etc., a carbamoyl group (for example a 
carbamoyl group and N-methyl carbamoyl group -) An N and N-dimethyl carbamoyl-group, N aid 
N-G n-octyl carbamoyl group, Silyl machines, such as N-(methyl sulfonyl) carbamoyl group (it is the 
silyl machme which is not replaced [ the substitution of carbon numbers 3-30, or ] preferably) For 
example, a tnmethylsilyl machine, t-butyldimethylsilyl machine, a phenyl dimethylsilyl machine etc 

nS ? ?rf C ^ eS ^ ^ hos ^° machine which « not replaced [ the substitution of carbon" 
numbers 2-30 or ] preferably for example, a dimethyl phosphino machine, a diphenyl phosphino 
machine, a methylphenoxy phosphino machine, etc.) etc. are mentioned. Especially an alkyl erouo 
an aryl group, a silyl machine, an alkoxy group, an aryloxy group, a silyloxy machine, a heterocycle 
machine, the ammo group, an alkyl thio machine, and a phosphino machine are more desirable and 
an afcyl group, a silyl machine, an alkoxy group, a silyloxy machine, and especially a heterocycle 
machme are desirable. 

[0026] "The above-mentioned siloxane compound has two or more substituents which react with an 
e lectrophile agent and can form covalent bond. As for the substituent which reacts with an 
electroplule agent and can form covalent bond, in the first and second electrolyte constituents, it is 
desirable that it is a basic group. pKa of the conjugate acid of the compound with which a basic group 
comes to add hydrogen to it points out three or more bases here. As for pKa of this conjugate acid it 
is desirable that it is 3-15, and it is more desirable that it is 4-12. such a basic group -- mTarnino 
group (a dmiethylamino machine and a diethylamino machine -) mtrogen-containing heterocycle 
machmes (a morpholino machine and a quinucUdinyl machine -), such as the Ernie Reno machine A 
piperazinyl machme, a piperidino machine, a pyrrolidine machine, an imidazolyl machine, 2-methyl 
imidazolyl machme A quinolyl machine, an acridinyl machine, a pyridyl machine, 2-methyl pyridyl 
machme, It is desirable that they are guanidino machines (trimethyl guanidino machine etc.) such as 
a diazabicyclo undecenyl machine, it is more desirable that it is a mlrogen-containing heterocycle 
machine, and it is desirable that it is especially the imidazolyl machine which is not replaced [the 
pyridyl machme which is not replaced / substitution or /, substitution, or ]. The above-mentioned 
siloxane compound may have such a basic group at the side chain and/or end in the repeat unit 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/3/2003 



(3) 



Page 6 of 35 

expressed by the general formula (1). When it has this basic group in the side chain in the repeat unit 
expressed by the general formula (1), Q01 in a general formula (1) and/or Q02 are these basic groups. 

[0027] As for the siloxane compound used for the first of this invention, and second electrolyte 
constituents, being expressed by the following general formula (2) is desirable, and being expressed 
by the following general formula (3) is more desirable. 
[Formula 11] 

ac^f-f- 0 xf | - o rf i ~ L i2-Q2 * * * (2) 
[Formula 12] 

[0028] Ql and Q2 express the substituent which reacts with an electrophile agent independently, 
respectively and can form covalent bond among a general formula (2). The electrophile agent in this 
substituent and the atom which reacts are a nitrogen atom, the Lynn atom, or a sulfur atom preferably, 
is a nitrogen atom or the Lynn atom more preferably, and is a nitrogen atom especially preferably. As 
a substituent which Ql and Q2 express, the amino group, a phosphino machine, a heterocycle 
machine, an alkyl thio machine, etc. are mentioned. 

[0029] Rl 1 -Rl 6 express independently the aryl group which is not replaced [ the alkyl group which 
is not replaced / substitution or /, substitution, or ] among a general formula (2), respectively. Rl 1 - 
R16 are the alkyl groups of carbon numbers 1-10 preferably, are the alkyl group of carbon numbers 1- 
3 more preferably, and are a methyl group especially preferably. 

[0030] The above Ql and Q2, and Rl 1-R16 may have the substituent, respectively, as the desirable 
example of this substituent - an alkyl group (a methyl group and an ethyl group --) A propyl group, 
an isopropyl machine, a butyl, a pentyl machine, a hexyl machine, An octyl machine, a 2-ethylhexyl 
machine, t-octyl machine, a decyl group, the dodecyl, A tetradecyl machine, 2-hexyl decyl group, an 
octadecyl machine, a cyclohexyl machine, alkenyl machines (a vinyl group -), such as a 
cyclopentylic group, 2-carboxy ethyl group, and a benzyl A halogens atom, such as an allyl group (a 
fluorine atom, a chlorine atom, a bromine atom, iodine atom, etc.), A cyano group, an alkoxy group 
(a methoxy machine, an ethoxy basis, methoxyethoxy machine, etc.), aryloxy machines (phenoxy 
machine etc.) and an alkyl thio machine (a methylthio machine -) Acyl groups, such as an ethyl thio 
machine (an acetyl group, a propionyl machine, benzoyl, etc.), sulfonyl machines (a methane sulfonyl 
machine, benzenesulphonyl machine, etc.) and an acyloxy machine (an acetoxy machine -) 
sulfonyloxy machines (a methane sulfo NIRIOKISHI machine --), such as a benzoyloxy machine 
Phosphonyl groups, such as a toluenesulfonyloxy machine (diethyl phosphonyl group etc.), Amide 
groups (an acetylamino machine, benzoylamino machine, etc.), carbamoyl groups (N and N-dimethyl 
carbamoyl group, N-phenylcarbamoyl machine, etc.), an aryl group, heterocycle machines (a phenyl 
group, toluyl machine, etc.) (a pyridyl machine, an imidazolyl machine, furanyl machine, etc.), etc. 
are mentioned. 

[0031] LI 1 and L12 express a divalent connection machine independently among a general formula 
(2), respectively. As an example of this divalent connection machine, the connection machine which 
comes to combine an alkylene machine, an alkenylene group, an arylene machine, -0-, -S-, -CO-, - 
NR'- (for R' to express a hydrogen atom or an alkyl group), -S02-, -SiRR - (for R and R' to express an 
alkyl group or an aryl group, respectively), and these [ two / or more ] is mentioned. 
[0032] When LI 1 and L12 are an alkylene machine, an alkenylene group, or an arylene machine. 
These A halogen atom (a fluorine atom, a chlorine atom, a bromine atom, iodine atom, etc.), A 
hydroxyl group, the amino group, a nitro group, a carboxyl group, a carbamoyl group, a sulfonic 
group, A sulfonamide machine, acyl groups (a HORUMIRU machine, acetyl group, etc.), an acyloxy 
machine, The acylamino machine, alkyl groups (an acetamino machine, bends amino group, etc.), 
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You may have substituents, such as alkoxy groups (a methoxy machine, an ethoxy basis 
methoxyethoxy machine, etc.), an AKOKISHI carbonyl group, an alkyl sulfonyl machine, an aryl 
group an aryloxy group, and aryl sulfonyl machines (phenoxy machine etc ) 
[0033] n expresses the integer of 1-1000 among a general formula (2). n is the integer of 1-500 
preferably, and is the integer of 1-100 especially preferably. If n is larger than 1000* a reactant fall 
with ionic conductivity and an electrophile agent will be caused 

EES T \^ Q21 GXP T S ^ at0miC ^ which fonns 5 or 6 mem ^ ring with a nitrogen atom 
™S aI Y ' TeSpeChvel * S eneral fonnula (3). As for Ql 1 and Q21,it is desirable to be 

constituted by one or more sorts of atoms chosen from the group which consist of a carbon atom a 
hydrogen atom, a nitrogen atom, an oxygen atom, and a sulfur atom 

To 5 K° r 6 member ^ J™ 1 of Q 1 1 ««» Q 21 > ^ is desirable that it is an unsaturation 

nng. As 5 member rings, a pyrrobdine nng, an oxazole ring, a thiazole ring, an imidazole ring a 
pyrazole nng an isoxazole nng, a thiadiazole ring, an oxadiazole ring, and a triazole ring 2 

t^l ^ ™h an A m5 ! daZOl ? rin8 ' md a ring are more desirable, and especially an 

imidazole nng is desirable. As 6 member rings, a morpholine ring, a piperidine ring a pSerinT a 

Srl^ 

[0037] Although the example 1-1 to 1-18 of the siloxane compound used for the first of this invent,™ 
ard second electrolyte constituents is shown below, this invention is not £SiSl 

[Formula 13] 

CH, VcHa/cH, n.8-10 



1-1 



1-2 




n = 8~10 




n = 3~5 



1-4 




[0039] 

[Formula 14] 



1-6 



CHa \CH3 CH 3 
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f H, /ch 3 \ CH 3 

" 7 'Krtffv^ 



1-8 ^ _ ^IIX+P^P--^-^ 



Ah, 



[0040] 

[Fonnulal5] 



1-9 



OWO CH 3 \CH a y( CH 3 QHbCfl) 



1... OUfX^^o-O 

CH 3 \CH 3 I CH 3 



[0041] 

[Formula 16] 



1-n 



1-12 



1-13 



1-14 



1-15 



CH 3 

"tto 



(f-°)- 



och 3 

— ^si— o^- 



or^coocH 3 

tto 
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[Formula 17] 



1-18 




1-17 




1-18 



[0043] The siloxane compound used by this invention is easily compoundable with the substitution 
reaction by Rl-H of a compound and/or R2-H which are expressed by the polymerization of the 
sdane compound I expressed by the following general formula (4), and the following general formula 
(5) the high DOROSHI relation reaction of the compound and olefin compound which are expressed 
by the following general formula (6), the condensation reaction of the compound and the alcoholic 
compound which are expressed by the following general formula (Ti etc 
[0044] v h ' 



[Formula 18] 



R41— f— •••(■*) 

R 2 

R41 and R42 express a halogen atom or an alkoxy group independently among a general formula (4) 
respectively. v 
[0045] 

[Formula 19] 
foi \ 

. . . (S) 




^ 1 re^ectively PreSS ** ° r ^ & ° UP kdependentI y among a general formula 

[0046] 
[Formula 20] 



lj*ii /?» \ 815 
H-sh-o-fsi-of-SM 



Rl 1-R16 and n in a general formula (6) are them in a general formula (2), and homonymy, and its 

same is said of a desirable mode. 

[0047] 

[Formula 21] 
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(7) 



Rn-WS^ninageneralfo^C^aretaina^fonnula^andhomon^andi^ 

same is said of a desirable mode electrolyte constituent of an electrophile agent 

[0048] (B) The electrophile agent ^^^dcSte agent reacts with "the substituent 
mis invention has at least two leaving groups Jhiselecttopm g above-mentioned 
which reacts wim an elec^ 

^dertoma^emode r ethe^ 

mentioned siloxane compound f*.™**^^^ and it is desirable that they are 
number of leaving groups, it is desirable that they are 2-4 piec ^ become high, 

especially two pieces. If *»""5»^^ 

ten or less, and it is more desirable that it ^^ r ^i sulfonyloxy machine , an arylsulfonyloxy 
[0050]Uavmg groups may^ 

machine, an acyloxy machine, etc., .«V«*vey .a s a bromme 

an arylsulfonyloxy r^^^ 

atom, and a chlorine atom are desirable ««?*J»£ ^ a chloro methy i sulfonyloxy 
As an alkylsulfonyloxy ^iyl sulfonyloxy machine etc.) are 

machine, and perfluoroalkyl sulfonyloxy 

desirable. As an arylsulfonyloxy machine, a benzene ^onyloxyma > y ^ ^ 
machine, p-chlorobenzene sulfonyloxy ^^f^^nXomeAyl carbonyloxy group 

substitution of all or a part of hydrogen atoins ate defined according to the 

[0051] The amount of the electrophile ^^^^^ith the above-mentioned siloxane 
molecular weight or the degree of cr ° ss ^ °f a/eaeUon^ rate amount of the 

compound, or the polymer to generate. The °- 01 ;^^ ^ fera ^ y pre ferably to the number of 
eleiophile agent used is 0.1-lEq especially PJ^T^^S form covalent bond" which a 
mols of "the substituent which reacts with an .eleettopMe JgJJ^^ reacts ^ ^ 
siloxane compound has. When the number ^^^^^baodMdm.^w^ 

elittophile agent hereafter, this invention is not limited to them. 



[0052] 
[Formula 22] 

E-1 



E-2 



E-3 
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&5 



E-6 



E-7 




E-8 



< ^3S0 2 -<y(^ rs02CH3 



n=8 



E-10 



[0053] 

[Formula 23] 



E-11 



E-12 



E-13 



E-14 



E-15 



E-16 




E-17 CF, 




[0054] 

[Formula 24] 
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r O-(C 3 H fl O) r -CO--CH2l 
E-1B ko-CCjH^krCO^CHal 
^©-{CaHeOa-CO-CHzl 



r O-{CT 2 CH 2 0)2— CO-CH 2 l 
E-19 |-O-{CH 2 CH 2 O) 2 -~C0--C^2l 
L-O-(CH2CH20)2-C0-CH2! 



E-20 C-fCH20CO-CH 2 -l) 4 
E-21 

E-22 cF s so^^ N, ^ 0y *^ ,| 0^ S,, ^^^ >S0 ^ 3 
E-23 

E-24 




[0055] 

[Formula 25] 



CH3 CH 3 CH 3 CH 3 

^ae r -^sK-o-ji--o-sh-o-^ /v -i 

CH 3 CH3 CH3 CH 3 



657 

r0056] (C) The polymer used for the second electrolyte constituent of a polymerization-reaction this 
invention can be obtained by the polymerization reaction of the above-mentioned electrophile agent 
and a siloxane compound. The polymerization of them is carried out by the alkylation reaction which 
occurs in detail between the electrophilic part in an electrophile agent, and the substituent which 
reacts with this electrophile agent in a siloxane compound, and can form covalent bond, the reaction 
(for example, the 4th class-ized reaction of nitrogen) which forms an onium salt. As for the mass 
average molecular weight of the polymer obtained, it is desirable that it is 1000-1 million, and it is 
more desirable that it is 2000-500,000. 

[0057] As for polymerization reaction, it is desirable to carry out besides an electrophilic agent and a 
siloxane compound under the conditions with which the electrolyte salt mentioned later coexists 
Although an electrolyte salt may be added after a reaction, it is difficult to distribute an electrolyte 
salt uniformly in a polymer in this case, and it is not desirable. 

[0058] When preparing the reaction solution containing a siloxane compound, an electrophilic agent, 
and an electrolyte salt and performing polymerization reaction, when a [sUoxane compound + 
electrolyte salt + solvent] is made into 100 mass %, as for the mass ratio of a siloxane compound, it is 
desirable to consider as 1 - 50 mass %, and it is more desirable to consider as 3 - 30 mass %. Since 
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independently, it may use two or more sorts together compound 
TOt^S: ^ E -0 - * U*» for examp,e. 

the 4m class ammonium bromine salts, sueh as a l-»pSS5223£^1££SP" 

65th volume, No 11 and 1923 na^s n QQ7WtT * C i , } ' f " 259543 A electrochemistry, the 
eleetrolysis is desirable especially from a vie^rfcoS^oSm^ ™ » 

-1 ] desirable^e *— C - 

t^l] Erased salt wWch can be preferabl^^ • 
fojmda (Y-a) - what is expressed by 'either is Lmta£ ^ 8 

[Formula 26] 

C) 



(V-b) 



Y" 2 



[0063] Qyl expresses the atomic group which forms the aromatic cation of 5 nr * ™ u • 
nitrogen atom among a general formula rv^ a ^ f^T./ 0311011 ot 5 or 6 member rmg with a 

thiazole ring, or an imidazole ring and itis 53^*32^ Y - ? 311 OXaZ ° le ^ a 
inddazole4Asfor6memS 8 ^ 

[0065] Ay 1 expresses a nitrogen atom or the Lynn atom among a general formula (Y-b) 
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[0066] A general formula (Y-a), and (Y-b) (Y-c) inner Ryl -inner Ry6 are an alkyl group (even if it 
has the shape of the carbon atomic numbers 1-24 and a straight chain preferably and is a letter of 
branching) which is not replaced [ substitution or ] independently, respectively. You may be a ring 
type. Moreover, for example, a methyl group, an ethyl group, a propyl group, An isopropyl machine, 
a pentyl machine, a hexyl machine, an octyl machine, a 2-ethylhexyl machine, t-octyl machine, a 
decyl group, a dodecyl machine, a tetradecyl machine, 2-hexyl decyl group, ARUKENIRU machines 
which are not replaced [ substitution or ], such as an octadecyl machine, a cyclohexyl machine, and a 
cyclopentylic group (even if it has the shape of the carbon atomic numbers 2-24 and a straight chain 
preferably, you may be a letter of branching) For example, a vinyl group, an allyl group, etc. are 
expressed, and it is the alkyl group of the carbon atomic numbers 2-18, or the ARUKENIRU machine 
of the carbon atomic numbers 2-18 more preferably, and is the alkyl group of thexarboh atomic 
numbers 2-6 especially preferably. 

[0067] Moreover, among Ryl-Ry4 in a general formula (Y-b), the un-aromatic ring in which two or 
more connect with mutually and they contain Ayl may be formed, two or more may connect mutually 
and they may form a ring structure among Ryl-Ry6 in a general formula (Y-c). 
[0068] A general formula (Y-a), inner Qyl, and Ryl-Ry6 may have the substituent. as the desirable 
example of this substituent a halogen atom (it Cl(s) and Br(s) F -) cyano groups, such as I, and an 
alkoxy group (a methoxy machine, an ethoxy basis, and a methoxyethoxy machine -) Aryloxy 
machines (phenoxy machine etc.), such as a methoxyethoxy ethoxy basis, Alkyl thio machines (a 
methylthio machine, ethyl thio machine, etc.), an alkoxy carbonyl group (ethoxycarbonyl machine 
etc.), carbonate machines (ethoxycarbonyloxy machine etc.) and an acyl group (an acetyl group -) 
sulfonyl machines (a methane sulfonyl machine --), such as a propionyl machine and a benzoyl 
Acyloxy machines (an acetoxy machine, benzoyloxy machine, etc.), such as a benzenesulphonyl 
machine, A sulfonyloxy machine (a methane sulfonyloxy machine, toluenesulfonyloxy machine, 
etc.), phosphonyl groups (diethyl phosphonyl group etc.) and an amide group (an acetylamino 
machine -) Carbamoyl groups, such as a benzoylamino machine (N and N-dimethyl carbamoyl group 
etc.), an alkyl group (a methyl group, an ethyl group, a propyl group, an isopropyl machine, and a 
cyclo propyl group --) Aryl groups, such as a butyl, 2-carboxy ethyl group, and a benzyl, heterocycle 
machines (a phenyl group, toluyl machine, etc.) (a pyridyl machine, an imidazolyl machine, fiiranyl 
machine, etc.), ARUKENIRU machines (a vinyl group, 1-propenyl machine, etc.), a silyl machine, a 
silyloxy machine, etc. are mentioned. 

[0069] The fused salt expressed by the above-mentioned general formula (Y-a) - (Y-c) either may 
form a polymer through either Qyl, and Ryl -Ry6. 

[0070] You may use the fused salt expressed by the above-mentioned general formula (Y-a) - (Y-c) 
either, mixing with the salt which could use it, having mixed two or more sorts even if it used it 
independently, and replaced iodide ion I- by other anions. As an anion which replaces I-, halogenide 
ion, SCN- (C1-, Br-, etc.), BF4-, PF6-, C104-, 2 (CF3S02)N-, 2 (CF3CF2S02)N-, CF3S03-, 
CH3S03-, CF3COO-, Ph4B-, 3(CF3S02) C-, etc. are desirable. They are SCN-, BF4-, CF3S03- 
CF3COO-, or (CF3S02) 2N- more preferably. 

[0071] Moreover, alkali-metal salts, such as other iodine salts and CF3COOLi like Lil, CF3COONa, 
LiSCN, and NaSCN, can also be added. As for the addition of an alkali-metal salt, it is desirable to 
consider as a 0.02 - 2 mass % grade, and it is still more desirable to consider as 0.1 to 1 mass %. 
[0072] Although - (Y29) is listed to the example (Yl) of the electrolyte salt preferably used by this 
invention, and the following, they do not limit this invention. 
[0073] 

[Formula 27] 
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C^t&i) Y1-4:X=PF<f 



Y2-1 : X"=r 

(Y2) X YMix^SQjCFafe 

Y2-S:X=SCN- 

(Y3) C}*„ V3-1:X=r 

CHjCN YM:X=N-(SQ i CF 3 ) 2 



> V XH 2 CN 
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[0079] It is desirable not to use a solvent in this invention using what is in a melting state in ordinary 
temperature as an electrolyte salt. Although the solvent mentioned later may b?SS2» £ ST* 
content of an electrolyte salt, it is desirable that it is more than 50 mass % l &e whoTe dec^vte 
consutoent, and it is desintble that it is especially more than 90 mass %. lfaS^|S££? of 
this mvention, and second electrolyte constituents, it is desirable to contain the abov?-mention^ 
siloxane compound and iodine salts other than the above-mentioned polymer an^Us dSte that 
Z7JZ t ""I % " m i0diDe ^ ^ ^ to be used. Moreo^r, w^en u£>g Sent* 

^ ^ 5* ° f A an r iodine ^vention, and second electrolyte constituents, it is 
desirable to contain iodine. As for an iodine content, it is desirable that it is 0.1 to 20 mai % to the 
whole electrolyte constituent, and it is more desirable that it is 0.5 to 5 mass %. Moreo^ iodkifL 
a bromine can be added in the reaction solution containing the siloxane compountSpnT 
agem, and electrolyte salt which were mentioned above, and it can also be Jade to gS aredox 
couple beforehand. As for the concentration of the iodine in this reaction solution^ SnLe 
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considering as 0.01 - 0.3 mol/1 is desirable. 

[0081] (F) The first of a solvent this invention and second electrolyte constituents may contain the 
solvent. It is desirable that it is below the whole 50 mass %, as for the solvent content of an 
electrolyte constituent, it is more desirable that it is below 30 mass %, and it is desirable that it is 
especially below 10 mass %. 

[0082] As a solvent, ionic mobility is high at hypoviscosity, or what can discover the ion conductivity 
which raised effective carrier concentration with the high dielectric constant, or was excellent since it 
was the both is desirable, as such a solvent ~ a carbonate compound (ethylene carbonate --) 
Heterocyclic compounds, such as propylene carbonate (3-methyl-2-oxazolidinone etc.), ether 
compounds (a dioxane, diethylether, etc.) and chain-like ether (ethylene glycol dialkyl ether --) The 
propylene-glycol dialkyl ether, the polyethylene-glycol dialkyl ether, alcohols (a methanol --), such as 
the polypropylene-glycol dialkyl ether Ethanol, ethylene glycol monoalkyl ether, propylene-glycol 
monoalkyl ether, Polyethylene-glycol monoalkyl ether, polypropylene-glycol monoalkyl ether, etc., 
polyhydric alcohol (ethylene glycol, a propylene glycol, and a polyethylene glycol --) nitryl 
compounds (an acetonitrile --), such as a polypropylene glycol and a glycerol Guru taro dinitrile, a 
methoxy acetonitrile, a propionitrile, Ester (a carboxylate, phosphoric ester, phosphonate, etc.), such 
as a benzonitrile and screw cyano ethyl ether, non-proton nature polar solvents (dimethyl sulfoxide 
(DMSO), sulfolane, etc.), water, etc. are mentioned. Especially, a carbonate compound, a nitryl 
compound, and a heterocyclic compound are desirable. These solvents may mix and use two or more 
sorts if needed. 

[0083] (G) In addition, to the first of this invention, and second electrolyte constituents, it is desirable 
to add basic compounds, such as t-butyl pyridine [ of a publication (1997) ], 2-picoline, 2, and 6- 
lutidine, to J.Am.Ceram.Soc, 80 (12), 3157-3171, etc. The desirable density ranges in the case of 
adding a basic compound are 0.05-2M. 

[0084] In order to gel the first and second electrolyte constituents, technique, such as a 
polymerization of the monomers containing polymer addition, oil gelling agent addition, and 
polyfunctional monomer and crosslinking reaction of polymer, can be used together. When making it 
gel by polymer addition, the compound of a publication etc. is usable to "Polymer Electrolyte 
Reviews -1 and 2" (coeditorship of J.R.MacCallum and C.A. Vincent, ELSEVIER APPLIED 
SCIENCE), and it is desirable to use a polyacrylonitrile or a polyvinylidene fluoride. When making it 
gel by oil gelling agent addition, J.Chem.Soc. Japan, Ind.Chem.Sec, 46, and 779 (1943), 
J.Am.Chem.Soc, 111, and 5542 (1989), J.Chem.Soc, Chem.Commun., 1993, 390, 
Angew.Chem.Int.Ed.Engl., 35, and 1949 (1996), It is desirable to use the compound which can use 
the compound indicated by Chem.Lett, 1996, 885, J.Chem.Soc, Chem.Commun., 1997, and 545 
grades, and has amide structure. Moreover, the method of gelling the electrolytic solution given in 
JP,1 1-185863,A and the method of gelling the quality of molten salt electrolysis given in JP,2000- 
58140,A are also applicable to this invention, moreover, the case where an electrolyte constituent is 
made to gel by the crosslinking reaction of polymer - JP,2000-17076,A - said - the cross linking 
technique indicated by 2000-86724 is also applicable 

[0085] [2] The optoelectric transducer of an optoelectric-transducer this invention has a conductive 
layer, a photosensitive layer, a charge transporting bed, and a counter electrode. As preferably shown 
in drawing 1 , a laminating is carried out to the order of a conductive layer 10, an under coat 60, a 
photosensitive layer 20, the charge transporting bed 30, and the counter electrode conductive layer 
40, and a photosensitive layer 20 consists of charge transportation material 23 which permeated the 
opening between the semiconductor particle 21 by which sensitization was carried out with coloring 
matter 22, and the semiconductor particle 21 concerned. The charge transportation material 23 
consists of the same component as the material used for the charge transporting bed 30. Moreover, in 
order to give intensity to an optoelectric transducer, you may form a substrate 50 as a ground of a 
conductive layer 10 and/or the counter electrode conductive layer 40. In this invention, it is arbitrary 
and the layer which consists the layer which consists of a conductive layer 10 and a substrate 50 to 
prepare of M a conductive base material", a counter electrode conductive layer 40, and a substrate 50 
that it is arbitrary and is prepared is called "counter electrode." In addition, the conductive layer 10 in 
drawing 1 , the counter electrode conductive layer 40, and a substrate 50 may be transparent 
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conductive-layer 10a, transparent counter electrode conductive-layer 40a, and transparent substrate 
50a, respectively. That to which this optoelectric transducer is connected to an external load and 
electric work (power generation) is done is a photoelectric cell, and it is the photosensor which was 
made for the purpose of sensing of optical information. 

[00861 In the optoelectric transducer of this invention shown in drawing 1 , when a semiconductor 
particle is n type, the light which carried out incidence to the photosensitive layer 20 containing the 
semiconductor particle 21 by which sensitization was carried out with coloring matter 22 excites 
coloring matter 22, and the electron of the high energy in the excited coloring matter 22 is passed to 
tiie conduction band of the semiconductor particle 21, and it reaches a conductive layer 10 by 
diffusion further. At this time, coloring matter 22 serves as an oxidant In a photoelectric cell while 
1 m 3 P°? ductive ^ 10 works in an external circuit, it returns to theoxidant of coloring 

matter 22 through the counter electrode conductive layer 40 and the charge transporting bed 30 and 
coloring matter 22 is reproduced. A photosensitive layer 20 works as a negative electrode (optical 
anode), and a counter electrode 40 commits it as a positive electrode. On the boundaries (for 
example, the boundary of a conductive layer 10 and a photosensitive layer 20, the boundary of a 
photosensitive layer 20 and the charge transporting bed 30, the boundary of the charge transporting 
bed 30 and the counter electrode conductive layer 40, etc.) of each layer, the constituents of each 

SETEw Car T 8 .°* d"*™ ***** mutuall y- Hereafter, each class is explained in detail 
[0087] (A) A conductive base material conductivity base material consists of the monolayer of m 
conductive layer or (2) conductive layers, and two-layer [ of a substrate ]. In the case of (1) that at 
which intensity and sealing performance are fully maintained as a material of a conductive layer can 
be used, for example, it can use metallic materials (platinum, gold, silver, copper, zinc, titanium 
aluminum, these alloys, etc.). In the case of (2), the substrate which has a conductive layer cbntatoing 
an electric conduction agent can be used for a photosensitive-layer side. As a desirable electric 
conduction agent, metals (for example, platinum, gold, silver, copper, zinc, titanium, aluminum an 
mdium, the alloy containing these, etc.), carbon, and conductive metallic oxides (what doped a ' 
fluorine or antimony to an indium-tin multiple oxide and the tin oxide) are mentioned. The thickness 
of a conductive layer has desirable about 0.02-10 micrometers. 

[0088] A conductive base material has surface electrical resistance as good as a low Surface 

^m C ^ eSiStan ? iS bd0W 5 ° 0hmS 1 ** P referabl y> ^ below 20ohms / <* more preferably 
[0089] When irradiating light from a conductive base material side, as for a conductive base material 
it is desirable that it is substantially transparent. It means substantially that a tight transmittance is it ' 
0/o or more that it is transparent in some or the whole region of a visible - near infrared region (400- 
1^ for *»* h f * t«nsnuttance, it is desirable that it is 50% or more, and it is more desirable 
that it is 80% or more. It is desirable that the light transmittance of the wavelength region where a 
photosensitive layer has sensitivity especially is high. 

[0090] What formed the transparent conductive layer which consists of a conductive metallic oxide in 
the front face of transparent substrates, such as glass and plastics, by an application or vacuum 
evaporationo as a transparent conductivity base material is desirable. As for a transparent conductive 
layer, it is desirable to consist of diacid-ized tin which doped a fluorine or antimony, or an indium- 
stenmc-acid ghost 0TO) In addition to glass substrates, such as an advantageous soda glass and an 
alkali free glass without the influence of alkali elution, as a transparent substrate, a transparent 
polymer film is usable in respect of cost and intensity. As a material of a transparent polymer film a 
tnacetyl-cellulose (TAC), polyethylene-terephthalate (PET), polyethylenenaphthalate 0>EN) 
syndiotecuc polystyrene (SPS), polyphenylene-sulfide (PPS), polycarbonate (PC), polyarylate (PAr) 
po ysulfone (PSF), polyester sulfone (PES), polyimide (PI), polyether imide (PEI), annular 
polyolefine, and bromine-ized phenoxy etc. is usable. In order to secure sufficient transparency, as for 
toe coverage of a conductive metallic oxide, it is desirable to consider as per [ 0.01-100g 1 two lm of 
base materials of glass or plastics. 

[0091] It is desirable to use a metal lead in order to lower resistance of a transparent conductivity 
base material. The quality of the material of a metal lead has desirable metals, such as platinum gold, 
mckel, titanium, aluminum, copper, and stiver. As for a metal lead, it is desirable to install in a 
transparent substrate by vacuum evaporationo, sputtering, etc., and to prepare on it the transparent 
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conductive layer which consists of conductive tin oxide or HO. The fall of the amount of incident 
lights by metal lead installation is more preferably suppressed to 1 - 5% less than 10%. 
[0092] (B) As for a photosensitive-layer (1) semiconductor photosensitive layer, it is desirable to 
contain the semiconductor particle by which sensitization was carried out with coloring matter. In a 
photosensitive layer, a semiconductor acts as a photo conductor, absorbs light, performs charge 
separation, and produces an electron and an electron hole. With the semiconductor by which coloring 
matter sensitization was carried out, generating of an optical absorption, the electron by this, and an 
electron hole takes place mainly in coloring matter, and a semiconductor bears the role which 
receives and transmits this electron (or electron hole). As for the semiconductor used by this 
invention, it is desirable that it is the n-type semiconductor which a conductor electron serves as a 
carrier under optical pumping, and gives an anode current. 

[0093] The compounds (a strontium titanate, titanic-acid calcium, titanic-acid sodium, a barium 
titanate, niobic-acid potassium, etc.) which have an element semiconductor like silicon or 
germanium, a IH-V system compound semiconductor, metaled chalcogenide (an oxide, a sulfide, 
selenides, those composites, etc.), and a perovskite structure as an example of the semiconductor used 
by this invention are mentioned. Metal chalcogenide is desirable especially. 

[0094] As desirable metal chalcogenide, the oxide of titanium, tin, zinc, iron, a tungsten, a zirconium, 
a hafnium, strontium, an indium, a cerium, an yttrium, a lanthanum, vanadium, niobium, or a 
tantalum, cadmium, zinc, lead, silver, antimony or the sulfide of a bismuth, cadmium or a leaden 
selenide, the telluride of cadmium, etc. are mentioned. As other compound semiconductors, the 
selenide of phosphides, such as zinc, a gallium, an indium, and cadmium, a gallium arsenide, or a 
copper-indium, the sulfide of a copper-indium, etc. are mentioned. Furthermore, a composite like 
MxOySz or MlxM2yOz (an oxygen atom, x, and y and z express the number [ atom / metal ] with 
which M, Ml, and M2 become, and, as for O, a valence becomes neutral, respectively) can also be 
used preferably. 

[0095] Preferably the semiconductor used by this invention Si, Ti02, Sn02, Fe 203, W03, ZnO, Nb 
205, CdS, ZnS and PbS, Bi2S3, CdSe, CdTe, It is SrTi03, GaP, InP, GaAs, CuInS2, or CuInSe2. 
More preferably Ti02, Sn02, Fe 203, W03, ZnO, It is Nb 205, CdS and PbS, CdSe, SrTi03 and 
InP, GaAs, CuInS2, or CuInSe2, is Ti02 or Nb 205 especially preferably, and is Ti02 most 
preferably. As for Ti02, it is desirable to include an anatase type crystal 70% or more, and it is more 
desirable that it is 1 00% anatase type crystal. 

[0096] It is desirable to dope a metal in order to raise the electronic conductivity in a semiconductor. 
As a metal to dope, a divalent or trivalent metal is desirable. In order to prevent that a reverse current 
flows from a semiconductor to a charge transporting bed, it is also effective in a semiconductor to 
dope a univalent metal. 

[0097] Although a single crystal or a polycrystal is sufficient as the semiconductor used for this 
invention, the polycrystal from a viewpoint of a manufacturing cost, raw-material reservation, and an 
energy pay back time is desirable. The amorphous portion may be included in part. As for a 
semiconductor, it is desirable to use as a porous membrane which consists of a semiconductor 
particle. 

[0098] Generally the particle size of a semiconductor particle is the order of nm-mu m. As for the 
primary-particle mean particle diameter which asked for the projected area of a particle from the 
diameter when converting into a circle, it is desirable that it is 5-200nm, and it is more desirable that 
it is 8-1 OOnm. Moreover, as for the mean particle diameter of the semiconductor particle in the 
dispersion liquid produced in order to apply on a conductive base material (aggregated particle), it is 
desirable that it is 0.01-30 micrometers. Two or more kinds of particles from which a particle size 
distribution differs may be mixed, it is desirable that the average size of a small particle is 25nm or 
less in this case, and it is more desirable that it is lOnm or less. Particle size is big, for example, it is 
also desirable to mix a semiconductor particle (lOOnm or more and about 300nm) in order to scatter 
an incident light and to raise the rate of optical capture. 

[0099] You may mix and use two or more sorts of semiconductor particles from which a kind also 
differs. In such a case, as for one sort, it is desirable that they are Ti02, ZnO, Nb 205, or SrTi03. As 
for another side, it is desirable that they are Sn02, Fe 203, or W03. Especially, ZnO, Sn02, ZnO and 
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W03, ZnO, or the combination of Sn02 and W03 is more desirable. When mixing and using two or 
more sorts of semiconductor particles, each particle size may differ. Especially the particle size of the 
above Nb [ Ti02, ZnO, and ] 205 or SrTi03 is large, and its small one is [ the particle size of Sn02, 
Fe 203, or W03 ] desirable. The large particle and large particle size of 1 OOnm or more have 
[ particle size ] a desirable combination of a small particle 15nm or less. 
[0100] a sol-gel method given [ as a method of producing a semiconductor particle ] in "the thin- 
layer-coating technology by the sol-gel method" (1995) etc. of the company (1998) of the "science of 
sol-gel method" AGUNE ** style of ********, and a technical-information association, and 
"composition of the monodisperse particle by the new synthesis method gel-sol method and size form 
control" of Tadao Sugimoto - wait - the gel-sol method given in ****, the 35th volume, No. 9, 
1012-1018 etc. pages (1996), Moreover, the method of producing an oxide for the chloride which 
Degussa developed by elevated-temperature hydrolysis in an acid hydrogen salt is also preferably 
applicable. 

[0101] When a semiconductor particle is titanium oxide, each of above-mentioned sol-gel methods 
gel-sol methods, and elevated-temperature adding-water part solution methods in the inside of the ' 
acid hydrogen salt of a chloride can be used preferably, and may use the sulfuric-acid method and 
chlorine method of a publication for "titanium oxide physical-properties and applied-technology" 
Gihodo Shuppan Co., Ltd. (1997) of the Seino study further. In addition, a sol-gel method given in 
Barbe's and others journal OBU American ceramic society, the 80th volume, No. 12, 3157-3171 
pages (1997), Burnside's and others chemical MATERIARUZU, the 10th volume, No. 9, 2419-2425 
etc. pages, etc. is also desirable. 

[0102] (2) In case a semiconductor particle layer semiconductor particle is applied on a conductive 
base material, in addition to the method of applying the dispersion liquid or the colloidal solution of a 
semiconductor particle on a conductive base material, the above-mentioned sol-gel method etc. can 
be used. When mass-production-izing of an optoelectric transducer, the physical properties of 
semiconductor particle dispersion liquid, the versatility of a conductive base material, etc. are taken 
mto consideration, the wet film production method is comparatively desirable. As the wet film 
production method, the applying method, print processes, an electrolytic-deposition method, and an 
electrodeposition process are typical. Moreover, you may use the SPD method which sprays the 
metallic-oxide precursor pyrolyzed on the method of carrying out vacuum evaporationo by the 
method (the LPD method) of depositing by the liquid phase by the ligand exchange etc., the spatter 
etc., CVD, or the warmed substrate from the method of oxidizing a metal, and a metal solution, and 
forms a metallic oxide. 

[0103] In case the method and semiconductor which are distributed while grinding as a method of 
producing the dispersion liquid of a semiconductor particle using the above-mentioned sol-gel 
method, the method of mashing with a mortar, and a mill are compounded, the method of depositing 
as a particle and using it as it is in a solvent, etc. is mentioned. 

[0104] As a dispersion medium, water or various kinds of organic solvents (for example, a methanol 
ethanol, isopropyl alcohol, a citronellol, terpineol, a dichloromethane, an acetone, an acetonitrile, 
ethyl acetate, etc.) are usable, ha case it distributes, you may use polymer, such as a polyethylene' 
glycol, a hydroxyethyl cellulose, and a carboxymethyl cellulose, a surfactant, an acid, a chelating 
agent, etc. as a distributed assistant if needed. Especially, it is desirable to add a polyethylene glycol 
By changing the molecular weight of the polyethylene glycol to add, the viscosity of dispersion liquid 
can be adjusted, the semiconductor layer which cannot separate easily can be formed or the voidage 
of a semiconductor layer can be controlled. to 
[0105] As the desirable method of application, the method by which application and metering, such 
as the slide hopper method given in metering systems, such as application systems, such as a roller 
and the dipping method, the air knife method, and the blade method, the wire bar method given in 
JP.58-45893, U.S. JP,26812943, said 2761419 numbers, said 2761791 numbers, etc., the extrusion 
method, and the curtain method, are made into the same portion is mentioned. Moreover, the spin 
method and a spray method are also desirable as a general aviation. As the wet printing method, 
intaglio printing, the rubber version, the screen-stencil including letterpress, offset, and the three 
major print processes of gravure, etc. can use preferably. What is necessary is just to choose the 
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desirable film production method according to liquid viscosity or wet thickness from the above 
methods. 

[0106] A semiconductor particle layer can carry out the multilayer application of the semiconductor 
particle dispersion liquid from which not only a monolayer but particle size differs, or can also carry 
out the multilayer application of the layer containing the semiconductor particles (or a different 
binder, a different additive, etc.) of a different kind. The multilayer application is effective when 
thickness runs short by application once. 

[0107] Although the rate of capture of light generally becomes high since the amount of coloring 
matter support per unit projected area increases so that semiconductor particle layer thickness (it is 
the same as the thickness of a photosensitive layer) becomes thick, since the generated diffusion 
length of electron increases, the loss by charge reunion also becomes large. Therefore, the thickness 
with a desirable semiconductor particle layer is 0.1-100 micrometers. When using for a photoelectric 
cell, as for semiconductor particle layer thickness, it is desirable that it is 1-30 micrometers, and it is 
more desirable that it is 2-25 micrometers. As for the semiconductor particle coverage per two, it is 
desirable to be referred to as 0.5-100g, and it is [ lm of base materials ] more desirable to be referred 
to as 3-50g. 

[0108] Heat-treating is desirable in order to raise paint film intensity and adhesion with a base 
material while contacting semiconductor particles electronically, after applying a semiconductor 
particle to a conductive base material. As for heating temperature, it is desirable to consider as 40 
degrees C or more less than 700 degrees C, and it is more desirable to consider as 100 degrees C or 
more 600 degrees C or less. Moreover, what is necessary is just to make heating time into 1 0 minutes 
- about 10 hours. When using a base material with low melting point and softening temperature like a 
polymer film, the heat-treatment in an elevated temperature is not desirable in order to cause 
degradation of a base material. Moreover, it is desirable to perform heat-treatment as much as 
possible also from a viewpoint of cost reduction at low temperature (for example, 50 degrees C - 350 
degrees C). Low temperature-ization of heat-treatment temperature is attained by using together a 
semiconductor particle with a particle size of 5nm or less mentioned above, or heat-treating under 
existence of a mineral-acid metallurgy group oxide precursor. Moreover,-izing can be carried out 
[ low temperature ] by impressing irradiation, the electric field, or the ultrasonic wave of ultraviolet 
rays, infrared radiation, microwave, etc. It is desirable to use together suitably heating, reduced 
pressure, oxygen plasma treatment, pure water washing, solvent cleaning, gas scrubbing, etc. for the 
purpose which removes the unnecessary organic substance etc. in addition to the above-mentioned 
irradiation etc. 

[0109] After heat-treatment, in order to increase the surface area of a semiconductor particle, or in 
order to raise the purity near the semiconductor particle and to raise the electron-injection efficiency 
from coloring matter to a semiconductor particle, you may perform chemical-plating processing using 
titanium-tetrachloride solution, and electrochemical plating processing using titanium-trichloride 
solution. Moreover, in order to prevent that a reverse current flows from a semiconductor particle to a 
charge transporting bed, it is effective in a particle front face to also make the low organic substance 
of electronic conductivity other than coloring matter adsorb. As for the organic substance made to 
adsorb, it is desirable to have a hydrophobic radical. 

[01 10] As for a semiconductor particle layer, it is desirable to have a big surface area so that much 
coloring matter can be adsorbed. As for the surface area in the state where the semiconductor particle 
was applied on the base material, it is desirable that they are 10 or more times to projected area, and it 
is more desirable that they are 100 or more times. Although especially a limit is infini te, they are 
usually about 1000 times. 

[01 1 1] (3) That what is necessary is just what has absorption in a visible region or a near-infrared 
region, and can carry out sensitization of the semiconductor, the coloring matter used for a coloring 
matter photosensitive layer is metal complex coloring matter, methine coloring matter, porphyrin 
system coloring matter, and/or phthalocyanine system coloring matter preferably, and is metal 
complex coloring matter and/or poly methine coloring matter especially preferably. In order to make 
the wavelength region of photo electric translation large as much as possible and to gather a 
conversion efficiency, you may use together two or more kinds of coloring matter. In this case, what 
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is necessary is just to choose the coloring matter used together and its mixed rate according TtS ^ 
wavelengthregionandmtensitydistributionoftheUghtsource ^roing to the 

Sw^fT 18 T*" h l MS iDVention me stable joint machine (interlocking group) 
which has the adsorption capacity force to a semiconductor particle front face preferably Thf 
chelation machine which has pi conductivity like -COOH basis, -OH basis, -S03H set P(OUOm2 

h "? r^SS 6 "° P(0) (0H)2 S6t ^ 211 oxime > ^ hyd^xyqumoh^e Xfl 

and alpha-KETOENO rate as a desirable joint machine is mentioned. -COmZl TpfoTrom^t 

St the salt, and may form the inner salt. Moreover, in poly methine coloring mateTiUs3 
also considering the oak which contains an acidic group like [ in case a methme ctoforl a 
squaryhum nng and a crocodile NIUMU ring ], and this portion as a jcSSS^^ the 
mm u^f? ^ T 1 fOT a P hotosensiti ve layer is explained concrete^ ' 
[01 1 3] (a) As for the metal complex coloring matter used by the metal complex coloring matter fhi. 
invention, it is desirable that they are metal phthalocyanine dye or metallomm Wn Ti5 t 
Moreo ver, the metal atom of metal complex ^tSlSSr 

^ 49277213 -- said No. 4684537 - said - No. 5084365 - said - No. 5350644 -- said - No 

5525440, JP,7-249790A ****** 
Sfi^S? f L 1116 WOrid patent 9m °- 50393 ' JP.2000-26487A etc 

D'CAl ) pRu^ 1 aTffi 1 b)^ P l eX C £!°5" 18 matter ^ ^ ^ ^ invention is following (general formula 
1MA1 ) pKu (B-a) (B-b) (B-c). ... Bemg expressed by (I) is desirable. Among a general formula m 
Al expresses the hgand of 1 or 2 seats, and expresses the ligand chosen from the Soup Zch 

fromfoecompoundfodependendyeS 



B-3 



B-5 



B-7 



B-9 

















COOH 







[01 16] Ra expresses a hydrogen atom or a substituent among a formula B-l to B-10. As an example 
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of this substituent, the aryl group which is not replaced [ the substitution of the aralkyl machine 
which is not replaced / the substitution of the alkyl group which is not replaced / the substitution of a 
halogen atom and the carbon atomic numbers 1-12 or / and the carbon atomic numbers 7-12 or / and 
the carbon atomic numbers 6-12 or ], the above-mentioned acidic group (you may form the salt), and 
a chelation machine are mentioned. Here, the shape of a straight chain and the letter of branching are 
sufficient as the alkyl portions of an alkyl group and an aralkyl machine, and a monocycle or a 
polycyclic (the condensed ring, ring set) is sufficient as the aryl portions of an aryl group and an 
aralkyl machine. Even if B-a, B-b, and B-c are the same, they may differ from each other, and any one 
or two are sufficient as them. 

[01 17] Although the desirable example of the metal complex coloring matter which can be used by 

this invention is shown below, this invention is not limited to these. 

[0118] 

[Formula 34] 

(AtfeRuCB^XB-bHB-c) ... (I) 
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[0119] 
[Formula 35] 
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R-17 




SUKUWARIRIUMU coloring matter, preferably. As poly methine coloring matter the tMn« nf 
rnion 



[0121] 
[Fonnula 36] 



M-1 



1*3 



M-6 



[0122] 

[Formula 37] 
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^Hj ° C2HB 



M-7 



M-8 




[0123] (4) In order to make coloring matter stick to the adsorption semiconductor particle of the 
coloring matter to a semiconductor particle, the method immersed into the solution of coloring matter 
in the conductive base material which has the often dried semiconductor particle layer, or the method 
of applying the solution of coloring matter to a semiconductor particle layer can be used. By the 
former method, dip coating, the dipping method, a roller, the air knife method, etc. are usable. In 
addition, in the case of dip coating, adsorption of coloring matter may be performed at a room 
temperature, and you may perform it by carrying out heating reflux as indicated by JP,7-249790,A. 
Moreover, as the latter method, there are the methods of application, such as the wire bar method, the 
slide hopper method, the extrusion method, the curtain method, the spin method, and a spray method. 

[0124] the solvent used for the solution of coloring matter — the solubility of coloring matter etc. - 
responding - suitably - it can choose - for example, alcohols (a methanol -) nitril (an acetonitrile -- 
), such as ethanol, t-butanol, and ben2yl alcohol Nitromethanes, such as a propionitrile and 3- 
methoxy propionitrile, a halogenated hydrocarbon (a dichloromethane, a dichloroethane, and 
chloroform -) Ether, such as a chlorobenzene (diethylether, tetrahydrofuran, etc.), dimethyl sulfoxide 
and amides (N.N-dimethylformamide — ) N-methyl pyrrolidones, such as N and N-dimethyl 
acetamido, 1, 3-dimethyl imidazolidinone, 3-methyl oxazolidinone and ester (ethyl acetate, butyl 
acetate, etc.) Carbonates (diethyl carbonate, an ethylene carbonate, propylene carbonate, etc.), 
ketones, hydrocarbons (an acetone, 2-butanone, cyclohexanone, etc.) (Korean geisha, the petroleum 
ether, benzene, toluene, etc.), these mixed solvents, etc. can be used. 

[0125] As for all the amounts of adsorption of coloring matter, it is desirable to be referred to as per 
[ a unit surface area (lm2) / 0.01 ] - lOOmmol of a conductive base material. Moreover, in order to 
acquire sufficient sensitization effect, as for the amount of adsorption to the semiconductor particle of 
coloring matter, it is desirable that they are per [ 0.01 ] Ig of semiconductor particles - lmmol. The 
sensitization effect becomes inadequate, and if there is too little amount of adsorption of coloring 
matter, if many [ too ], coloring matter will tend to float, and it becomes the cause of reducing the 
sensitization effect. Moreover, it is desirable to heat-treat, before adsorbing in order to increase the 
amount of adsorption of coloring matter. In order to suppress that water sticks to a semiconductor 
particle front face after heat-treatment, it is desirable not to return to ordinary temperature but to 
make coloring matter adsorb quickly at 60-150 degrees C. Moreover, you may cany out the 
coadsorption of the colorless compound to a semiconductor particle for the purpose which reduces 
the interaction of the coloring matter like condensation. As a compound which carries out a 
coadsorption, a surface activity compound is effective, and surface activity compounds, such as 
sulfonates shown in the steroid compound (for example, chenodeoxycholic acid) which has a 
carboxyl group, or the following, can be used. 
[0126] 

[Formula 38] 



http://www4.ipdl jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



6/3/2003 



Page 27 of 35 



n T adS ?[ bed 001011118 matter ' * is desirable that washing removes promptly after 
adsorption. It is desirable to perform washing in a wet washing tub using organic ES 95 
polar solvents, such as an acetonitrile, and an alcohols solvent After JSS^^ 
amines and quaternary ammonium salt may be used and the front face of a SS pScle 
may be processed, in order to promote removal of excessive coloring matter ' 

ammomum salt, TETORO butyl ammonium iodide, tetrapod hexyl ammonium iodidelte ^ 

[0128] (C) A charge transporting-bed charge transporting bed has the function tn . ••. 

menttoned this tnvenuon or the second electrolyte constituent is used for a charee tan^i^ 
you ratty use together a solid electrolyte and electron hole (hole) trans,*>r£umr SSS^ 
HY"*, ^P 0 ^? *«• «» fonn a reaction solution layer o'an eleet^b7th7cast ' 
method, the applyntg method, dip coating, the sinking-in method' the penetmtionmemoi T and. 

[0130] Two kinds of methods are possible in detail about the formation method of a charee 
unsporting bed. One is the method of sticking a counter electrode previously on a nSnsitive 
kyer and puttmg the above-mentioned reaction solution layer between me g^omeSf 

electrode after that. In the former method, a reaction solution layer can be put according to the 
ordrnaiy-pressure process using the capillarity by being immersed etc., or me v^uu^Ccetwhich 
^ pressure and replaces the gaseous phase of a gap by the liquid ph^!^Z o^ 
pressure. What is necessary is to give a counter electrode with not drymg and iusTto to TZm 
^ * PreV6ntl0n a * dn * * e «^ section in the latteSoo? v£ £mg a we? 

elec^lyte constituent What is necessary is just to sohdify, after applying a C^dXtolvte 
consttuent when using a gel electrolyte. Moreover, when using wef omanic Son hok 
transportation material and a gel electrolyte, the method of fonning 
photosensitive layer and the same method can be used mentioned 
[013 1] When using the electron hole (hole) transportation material of a solid electrolyte or a solid 
state, a charge transportmg bed can be formed by the dry foimmg-membrane w^Z±?Z? 
vacuum deposition method and CVD, and a counter electrode can be givenX tMt Ar otSc 

method, the cast method, the applying method, the spin coat method, dip coating an electrolytic 
po ymenzation method, and the photoelectrical depolymerizing memod .MsTh ^aTinorlSc^olid 
state compound, it can introduce by technique, such as the cast method, tne^g melTd, mttin 

^Tfcoraet^^ 

VJUZ] m order to make a redox couple generate, when introducing iodine etc into a charae 
transportmg bed, the technique of placing [ technique ] this into an^t c^nSer a^dksin, it 

deSXtT* l lTT > 6te - ^ be after formation of the mlmo^adlg^ 8 * 
electrolytic solution, and a charge transporting bed Moreover it is al«. ™«c;m« + • Zl ■ 
em. into me below-mentioned eonnScnooe into ^^ran^t^ J 

u^Z ° 0t VaCUUm md » °P«*lectric IranXr is^mMed* 
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[0133] It is 2,000 ppm or less that it is 1 0,000 ppm or less desirable still more preferably, and the 
moisture in a charge transporting bed is 100 ppm or less especially preferably. 
[0134] (D) A counter electrode counter electrode acts as a positive electrode, when an optoelectric 
transducer is used as a photoelectric cell. The counter electrode may consist of only counter electrode 
conductive layers which consist of a conductive material like the above-mentioned conductive base 
material, and may consist of a counter electrode conductive layer and a support substrate. As a 
conductive material used for a counter electrode conductive layer, a metal, carbon (for example, 
platinum, gold, silver, copper, aluminum, magnesium, an indium, etc.), and conductive metallic 
oxides (what doped the fluorine to an indium-tin multiple oxide and the tin oxide) are mentioned. 
Platinum, gold, silver, copper, aluminum, andmagnesium are desirable especially. The support 
substrate used for a counter electrode is a glass substrate or a plastic plate preferably, and the vacuum 
evaporationo of it is applied or carried out, and it uses the above-mentioned conductive material for 
this. Although especially the thickness of a counter electrode conductive layer is not restricted, it is 
desirable that it is 3nm - 10 micrometers. The surface electrical resistance of a counter electrode is as 
good as a low, it is desirable that they are below 50ohms / **, and.it is more desirable that they are 

below 20ohms/**. , r -.. 
[0135] Since light may be irradiated from both a conductive base material, and both [ either or ], m 
order for light to reach a photosensitive layer, it is good if at least one side is substantially transparent 
among a conductive base material and a counter electrode. It is desirable to make a conductive base 
material transparent from a viewpoint of the improvement in a generating efficiency, and to carry out 
incidence of the light from a conductive base material side. In this case, as for a counter electrode, it 
is desirable to have the property to reflect light. As a material of such a counter electrode, the glass 
which deposited the metal and the conductive oxide or plastics, a metal thin film, etc. can be used. 
[0136] On a charge transporting bed, a counter electrode may stick the application, plating, or 
conductive-layer side of the substrate which carries out vacuum evaporationo (PVD, CVD), or has a 
conductive layer, and may prepare direct electric conduction material. Moreover, as' well as the case 
of a conductive base material when especially a counter electrode is transparent, it is desirable to use 
a metal lead in order to lower resistance of a counter electrode. In addition, the fall of the desirable 
quality of the material of a metal lead and the desirable installation method, and the amount of 
incident lights by metal lead installation etc. is the same as the case of a conductive base material. 
[0137] (E) In order to prevent other layer counter electrodes and the short circuit Of a conductive base 
material, it is desirable to paint the thin film layer of a conductive base material and a semiconductor 
precise between photosensitive layers as an under coat beforehand. It is effective especially when 
using electronic transportation material and electron hole transportation material for a charge 
transporting bed. The material of an under coat is Ti02, Sn02, Fe 203, W03 and ZnO, and/or Nb 
205 preferably, and is Ti02 still more preferably. An under coat can be painted by 
ElectrochimLActa, 40, the spray pyrolysis method indicated by 643-652 (1995), the spatter, etc. As 
for the thickness of an under coat, it is desirable that it is 5-lOOOnm, and it is more desirable that it is 
10-500nm. 

[0138] Moreover, you may prepare functional layers, such as a protective layer and an acid-resistmg 
layer, between either the conductive base material which acts as an electrode or a counter electrode 
both outside front faces, a conductive layer, and substrates, or in the middle of a substrate. According 
to the quality of the material, the applying method, a vacuum deposition, the sticking method, etc. can 
be used for formation of such a functional layer. 

[0139] (F) the example of the internal structure of an optoelectric transducer - as mentioned above, 
double the internal structure of an optoelectric transducer with the purpose, and various gestalten are 
possible for it If it roughly divides into two, the structure in which the incidence of both sides to light 
is possible, and structure possible only from one side are possible. The internal structure of an 
optoelectric transducer preferably applicable to drawing 2 - drawing 8 at this invention is illustrated. 
[0140] The structure shown in drawing 2 is structure in which a photosensitive layer 20 and the 
charge transporting bed 30 are made to intervene between transparent conductive-layer 10a and 
transparent counter electrode conductive-layer 40a, and light carries out incidence from both sides. 
The structure shown in drawing 3 is structure in which establishes the metal lead 1 1 in part on 
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parent substrate 50a, prepares transparent conductive-layer 10a on it, forms an under coat 60 a 
t S£ Z 20 ' th l Char8e «*» 30, and the counter electrode conducu^layer 40 

LaIh ^ T'S 8 ^ 5111)15011 SUbstrate 50 «* *** cairi <* out incidence from a 

£d t yCr / ^ * m * mt ShOWD * is stracture m which out the meL 

SSI J * ' ? f^ c ??P™* ^strate 50a which installed the conductive 
further on the support substrate 50, formed the photosensitive layer 20 through the under c^at 60 
prepared the change transporting bed 30 and transparent counter electrode «,nductivtw40a 

electrode side A part of structure shown in drawing^ is structure hi which prepare transparent 

f£T%n y \ ^to™**** electrode conductive-layer 40? oSS, SSSt 

£SS^n^ fSf^ SI" 1 -undercoat 60, JjSSSL 
layer 20, and the charge transporting bed 30 are made to intervene among them, and tight carries out 

SSS^T S T Sh0Wn m is structure! XEn*£ ^parent 

ZtTf" Z I ° n a * stalte 50a > forms a Photosensitive layer 20 throughTuX 

coat 60, forms the charge transporting bed 30 and the counter electrode conductive layer 

S^TE ^ T* s !*? ate . 50 on ^ d «ght carries out incidence from a cTnaucti^Sr 
side. The structure shown m drawing? is structure in which installs a conductive lave i 0 on rti 
support subsfrate 50, forms a photosensitive layer 20 through an under^af^reS^e c^ 
fransportmg bed 30 and transparent counter electrode conductive-layer toffX 
^parent substrate 50a on this, and light carries out incidence from a coun^ecSde^ The 
sfructure shown m tangj is structure in which installs transparent conductive-Tayer 1 o7on 
transparent substrate 50a, forms a photosensitive layer 20 through an under coat 60 prepare L 
charge transporting bed 30 and transparent counter electrode conductive-laySCf^eTand 

wEK nTSH 1 f T* 5 n 3 rf 8 ' f d Ught ^ ° Ut mcidence from ^ sides.' 
[0141] [3] The ; photoelectric cell of photoelectrical Dcemoto invention connects the optoelectric 
fransducer of the abo ve-mentioned this invention to an external load, and is made to ? work 
Cpowei -genenfcon). ^t caUs photoelectrochenncal cell what me charge t^ 

nw 23 ! 111 ^ 61 !,° Pr T Dt d * radation of a and vaporization of contents, as for the side of a 

t£££Z ' h ^ ^ ** ya ?' adhB ^ ^ is desirable - 1116 extemal'circS S 
connected to a conductive base material and a counter electrode through a lead is easy to be well- 

fl 1 -l 3 l^, aPP i ymg 0 P toelectric transducer of this invention to a solar battery the structure 
mside the cell is the same as the structure of an optoelectric transducer fundameSy mention^ 
above Moreover, the solar cell module of this invention containing the optodecfrk Suc^r of thi, 

Generall 11 °" T *" T*™ ******** - *• ^01^30^^^ 
Generally, a cell is constituted on support substrates, such as a metal and a ceramic anda solar cell 

£££ T? " £ £ P 3 rcSt0rati0n ieSin ' wver ^eto., and takes me^cm^ o r 
mcorpomtmg hght from the opposite side of a support substrate. It is also possible to consider as the 
^ to ^ of ^g transparent materials, such as te^^^^ 

Sl'T^f 60111 48 - W" 1 Substrate Sl Specifical'S 

substrate one apparatus module structure used with module structure a super stSght type a substrate 
*pe or potting type an amorphous-silicon solar cell, etc. is known. Also in the colormTnito 

can be suitably chosen according to the purpose of use, a service space, and environment The 
structure of the solar cell module in this invention which can be used, the deSeTode etc are the 
SELF ^^^^^teAafaitaNa 11-8457. 

SSS ■ ufem^ 31111011811 311 CXample 6XpIainS ^ mV6nti0n detail, this invention is not 
[0145] 1. With 15g [ of titanium-dioxide particles ] (product [ made from Japanese Aerosil 1 
Degussa P-25), 45g, lg (Aldrich make, Triton X-100), and a diameter of 0.5mm SccSSL 
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(Nikkato Corp. make) 30g was put into the container made from stainless steel of 200ml of content 
volume which carried out Teflon (registered trademark) coating of the manufacture inside of 
titanium-dioxide dispersion liquid, and distributed processing was carried out by lSOOrpm for 2 hours 
using the Sand-grinder mill (product made from eye MEKKUSU). Filtration removed zirconia beads 
from the obtained dispersion liquid. The mean particle diameter of the titanium-dioxide particle in the 
obtained dispersion liquid was 2.5 micrometers. In addition, particle size was measured in the master 
sizer made from MALVERN. 

[0146] 2. The glass rod was used and the above-mentioned dispersion liquid were applied to the 
electric conduction side side of the electrically conductive glass (thing and surface-electrical- 
resistance about 30ohm/** which carried out cutting processing of the TCO glass [ by Asahi Glass 
Co., Ltd. ]-U at the 20mmx20mm size) which has the tin-oxide layer which doped the creation 
fluorine of Ti02 electrode which adsorbed coloring matter. The coverage of a semiconductor particle 
was taken as 20 g/m2. At that time, the adhesive tape was stretched to the part by the side of an 
electric conduction side (from an edge to 3mm), and it considered as the spacer, and glass was put in 
order and it applied eight sheets at a time at once so that an adhesive tape might come to ends. After 
the application, it exfoliated and the adhesive tape was air-dried for one day at the room temperature. 
Next, this glass was put into the electric furnace (muffle furnace FP-32 type made from Yamato 
Science), it calcinated for 30 minutes at 450 degrees C, and Ti02 electrode was obtained. It flooded 
with the ethanol solution (3x10-4 mol/1) of coloring matter R-l for 3 hours, after taking out this 
electrode and cooling. Ti02 electrode which coloring matter dyed was washed and air-dried by 
ethanol, after being immersed in the 4-t-butyl pyridine for 15 minutes. The thickness of the obtained 
photosensitive layer was 6.5 micrometers. 

[0147] 3. The acetonitrile solution containing the electrolyte salt MHIm of the photoelectrochemical- 
cell examples 1-7, the example 1 of comparison, and 20.5 mol/1 using the electrolyte constituent 
containing the production 3- 1 . solvent of a photoelectrochemical cell (iodine salt of 1 -methyl-3-hexyl 
imidazolium) and 0.05 mol [/l. ] iodine was prepared, and the siloxane compound 1-4 was added to 
this. 10 mass % The siloxane compound made the [solvent + electrolyte salt + siloxane compound] 
1 00 mass %, and used it here. It was made to sink into the crevice which piled up the platinum 
vacuum evaporationo glass of the coloring matter sensitization Ti02 electrode substrate 
(20mmx20mm) which produced the obtained solution as mentioned above, and the same size as this 
using capillarity, introduced into the Ti02 electrode, it closed by the epoxy system encapsulant, and 
the photoelectrochemical cell of an example 1 using the first electrolyte constituent of this invention 
was obtained. The photoelectrochemical cell of examples 2-7 using the first electrolyte constituent of 
this invention was obtained like the above-mentioned example 1 except having changed the solvent 
and the siloxane compound, as shown in the following table 1. Moreover, except not adding a 
siloxane compound, the photoelectrochemical cell of the example 1 of comparison was produced like 
the above-mentioned example 1, and the photoelectrochemical cell of the example 2 of comparison 
was produced like the above-mentioned example 1 except having changed to the siloxane compound 
further and having added t-butyl pyridine. The coloring matter used for the photoelectrochemical cell 
of the above-mentioned examples 1-7 and the examples 1 and 2 of comparison, a siloxane compound 
and its mass ratio, an electrolyte salt and its concentration, the concentration of iodine, and a solvent 
are collectively shown in Table 1. In addition, AN in Table 1 expresses an acetonitrile, NMO 
expresses 3-methyl-2-oxazolidinone, PC expresses propylene carbonate, and MHIm expresses the 
iodine salt of l-methyl-3-hexyl imidazolium. Moreover, the mass ratio of a siloxane compound is a 
mass ratio at the time of making a [solvent + electrolyte salt + siloxane compound] into 100 mass % 
among Table 1. 
[0148] 
[Table 1] 
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[0149] The acetonitrile solution containing the electrolyte salt MHim of an examnle R 1 7ft s 
(iodine salt of 1 -methyl-3-hexyl imidazolium) and the iodine oSSS^ 1 
siloxane compound 1-4 was added to this solution, the electrophilic agent E-3 wi S 2L ^ 
fee uniform solution was adjusted. Here, the siloxane compound S M™i^f ^ 
+ siloxane compound 100 mass %, 10 mass % Used it, and it added the elecSTc 
die mole ratio of the electrophilic part of the electrophilic agent to the reactive ste of altioxane 
compound might be set to 1 . It was made to sink into the crevice which mled un L «1 JT 
evaporation glassofmecolormgma^ 

which produced the obtained solution as mentioned above and the same «W twT^ • 
and introduced into the Ti02 electrode. This was left at 50 tenZ rTr ?t T 8 
^onwasperfonned itclosedbymeepo^ 

photoe petrochemical cell of examples 9-14 using the second electrolyte constituent of this invention 
was obtained tike the above-mentioned example 8 except having changed a solvent a sSoxaT 
compound and an electrophilic agent and its mole ratio, as shown in the foUowkg i ^bk 2 Moreover 
x 2? J** Sh T a COm P°- d - Table 2, and the photoelectSZu ceU oT ' 

*W r f mg *? ^ deClr0lyte consti ^nt of this invention was obtained lifoHhe 
^ o7 t e T ne f 6Xample 8 CXCept ^ of * e electrophitic a^nt uS ktto 5 

S Zr^ f T P , kS 8 " ? ' 311 a 8^t and its mole ratio, a siloxane compound and 

its mass ratio an electrolyte salt and its concentration, the concentration of iodine and^oTv^t are 
collectively show* in Table 2. In addition, AN in Table 2 expresses an acetonS Co exTress^s 
metv f rT h ^° ne ; PC T PreSSeS Pr ° pylene c "> *> d MHim exposes Aelodke^ 3t of 

Ufa at r M ?T er ' 31110118 TaWe 2 ' 1116 masS ^ of a siloxane co^und is 1 

mass ratio at the time of making a [solvent + electrolyte salt + siloxane compound! into 100 m 3/ 
and tire mole ratio of an electrophilic agent is a mole ratio of the electropSZ Xe ^SS^ 
agent to the reactive site of a siloxane compound. However, not a mole Lio butle rn^s mtio ^ 
to a sdoxane compound shows the amount of the electrophitic agent used u°ed for ^ ( } 

photoelectrochemical cell of examples 15-17 
[0150] 
Table 2] 




[ ? 151 lZ? e h6Xa eti ! yl ! ne 81x001 mefl » a y iic ester ("BUREMMA PE-350" by the Ninnon Oil & Fat, 
chemistry company) of 3500mg of examples of comparison, lg propylene c^bona* a 
i q uorcon^ g Ae2mgpo^e^ 

~ — M O/3/2003 



Page 32 of 35 

carried out for 10 minutes, and it applied to the coloring matter sensitization Ti02 electrode substrate 
(20mmx20mm) produced as mentioned above. Then, after putting under reduced pressure of T:02 
electrode which applied mixed liquor and urging osmosis of a monomer except for the foam m Ti02 
electrode, at 60 degrees C, it heated for 1 hour and the polymerization was earned out. It **(ed) for 
30 minutes under iodine atmosphere at the room temperature after the polymerization, and lodme was 
diffused in the obtained polymer. This was piled up with the counter electrode which deposited 
platinum and the photoelectrochemical cell (photoelectrochemical cell using the electrolyte the 
Chemical Society of Japan, 7, and given in 484 page (1997)) of the example 3 of comparison was 

[015^3-2. The fused salt A of the photoelectrochemicalrcell examples 18-28 and the example 4 of 
comparison - 660 mass % using the electrolyte constituent containing room temperature fused salt, 
the fused salt B of 28 mass %, the iodine of 2 mass %, and the siloxane compound 1-4 of 10 mass % 
were mixed, and the uniform electrolyte constituent was prepared. After applying 5micro of obtained 
electrolyte constituents 1 to the coloring matter sensitization Ti02 electrode substrate produced as 
mentioned above, it put under reduced pressure of this electrode, and the electrolyte constituent was 
made to permeate. After the electrolyte constituent fully permeated and the air in an electrode fell out, 
platinum vacuum evaporationo glass was laid on top of this, and the photoelectrochemical cell of an 
example 1 8 using the first electrolyte constituent of this invention was obtained. The 
photoelectrochemical cell of examples 19-28 using the first electrolyte constituent of this invention 
was obtained like the above-mentioned example 1 8 except having changed fused salt, its mass ratio, 
and the siloxane compound, as shown in the following table 3. Moreover, a siloxane compound was 
not added, but the photoelectrochemical cell of the examples 4 and 5 of comparison was produced 
like the above-mentioned example 18 except having changed fused salt and its mass ratio, as shown 
in Table 3 it changed to the siloxane compound further, t-butyl pyridine was added, and the 
photoelecu-ochemical cell of the example 6 of comparison was produced like the above-mentioned 
example 18 except having changed fused salt and its mass ratio, as shown in Table 3. However, the 
amount of t-butyl pyridine was made into 1 0 mass %. The coloring matter used for the 
photoelectrochemical cell of the above-mentioned examples 18-28 and the examples 4-6 of 
comparison, fused salt and its mass ratio, the mass ratio of iodine, a siloxane compound, and its mass 
ratio are collectively shown in Table 3. Moreover, the structure of fused salt A-D is shown below. 
0153] 
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[Formula 39] 
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CH3 

Q 

C2H5 



5** 



I 

<?2H 5 



BF4 



D O 

9™2 2* ^ "f A ° f 311 6Xample 29 • 3960 masS % ' ** salt B of 28 mass 0/0 the iodine of 
iSS&h S f, ^ C ° m ?° Und M ° f 10 maSS % Were ^ electrophiie agent £tas 

& f t leCtr0lyte wa * Prepared. Here, the ele^trophile agtnt 

added so that the mole ratio of the electrophilic part of the electrophile agent to the reactive! Z of T 
siloxane compound might be set to 1 . After applying Smicro of obtainefeleo^ ^mentfto 
Ihe coloring matter sensitization Ti02 electrode substrate produced as mentioned abot^ut^nder 
reduced pressure of this electrode, and the electrolyte constituent was made to permeate Afer toe 
^f^tuent fully permeated and the ak m an electrode feU out, pla^^uum^ 
evaporation glass was laid on top of this, it was left at 50 degrees C for 10 hours polymerization 
reaction was performed, and the photoelectiochemical cell ofan example 29 us^g Se^e3 
electrolyte constituent of this invention was obtained. The photoelec ^chenuS T^f espies 30- 
39 using tiie second electrolyte constituent of this invention was obtained like me Xve3oneu 
example 29 except having changed fused salt, siloxane compounds and mostmSs mtios aTd a^ 
electrophile agent and its mole ratio, as shown in the following table 4. The coloring for 
tiie photoelectrochemical cell of the above-mentioned examples 29-39, fused salSfc mL^ratio 
the mass ratio of iodine, an electrophile agent, its mole ratio? a siloxane comp^ Tand i^mtio 
^ collecuvely shown in Table 4. In addition, the mole ratio of an electropbie^Us ^moterltio 
of^eelecteoplimcpartofmeelectrop^ 
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[Table 41 
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[0157] The photoelectxochemical cell of the example 7 of comparison was produced like the above- 
mentioned example 3 of comparison except having changed to example of comparison 7 propylene 
carbonate, and having used the above-mentioned compound C. 

[0158] 4. The simulation sunlight which does not include ultraviolet rays was generated by letting 
AM 1.5 filter (product made from Oriel), and a sharp cut filter (Kenko L-42) pass for the light of the 
xenon lamp of measurement 500W of a photoelectric conversion efficiency (product made from 
USHIO Electrical and electric equipment). This luminous intensity was 86 mW/cm2. The electrical 
and electric equipment which irradiated the photoelectrochemical cell of the examples 1-39 produced 
at 50 degrees C and the examples 1-7 of comparison, and generated this simulation sunlight was 
measured in the current-potential measuring device (case rhe SMU238 type). The decreasing rate of 
the short-circuit current density (Jsc) of each photoelectrochemical cell called for by this, an open 
circuit voltage (Voc), a form factor (FF), a conversion efficiency (eta), and the conversion efficiency 
after 360-hour continuous irradiation is shown in Tables 5-8. 
[0159] 

[Table 5] 
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Table 8" 
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[01 63] To this causing [ the open circuit voltage ] a low photoelectric conversion efficiency low, as 
for the photoelectrochemical cell of the examples 1, 4, and 5 of comparison, an open circuit voltage is 
high and the conversion efficiency of the photoelectrochemical cell [ the examples 1 -7 and the 
photoelectrochemical cell of 18-28 ] using the first electrolyte constituent of this invention is 
improving in connection with it so that more clearly than Table 5 and 7. Moreover, although 
degradation after dark place preservation is remarkable in the photoelectrochemical cell of the 
examples 1 and 2 of comparison which contain many organic solvents in an electrolyte constituent, 
and examples 1-7, by using the first electrolyte constituent of this invention shows that endurance is 
improved. Moreover, Table 6 and 8 shows that the examples 8-17 and the photoelectrochemical cell 
of 29-39 using the second electrolyte constituent of this invention show the outstanding conversion 
efficiency and outstanding endurance as compared with the photoelectrochemical cell of the 
examples 3 and 7 of comparison using the conventional solid electrolyte 
[0164] 

[Effect of the Invention] As explained in full detail above, the first of this invention and second 
electrolyte constituents are excellent in endurance and charge transportation ability, and the 
optoelectric transducer and photoelectric cell using this electrolyte constituent show the outstanding 
endurance and the outstanding photoelectric transfer characteristic. This photoelectric cell is very 
effective as a solar battery. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



TECHNICAL FIELD 

[The technical field to which invention belongs] this invention relates to the optoelectric transducer 
and photoelectric cell in which the endurance and the photoelectric transfer characteristic which were 
excellent since the electrolyte constituent excellent in endurance and charge transportation ability and 
this electrolyte constituent were used are shown. 
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1. This document has been translated by computer.So the translation may not reflect the original 
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PRIOR ART 



[Description of the Prior Art] The liquefied electrolyte constituent (electrolytic solution) which 
dissolved the electrolyte salt in the solvent has been used from the former as an electrolyte of 
electrochemical elements, such as a cell, a capacitor, a sensor, a display device, and a record element 
However, m the electrochemical element using such a liquefied electrolyte constituent, this 
constituent may be revealed between prolonged use or preservation, and reliability is missing 
[0003] Although U.S. JP,49277213 etc. is indicating the optoelectric transducer using the 
semiconductor particle which carried out sensitization with coloring matter, and the 
photoelectrochemical cell using this in Nature, the 353rd volume, the 737-740th page and 1991 
Since the liquefied electrolyte constituent is used for the charge transporting bed also in these this 
constituent reveals or is drained between prolonged use or preservation, a photoelectric conversion 
efficiency falls remarkably or there is a case where it stops functioning as an element 
[0004] WO 93/No. 20565 proposed the optoelectric transducer which used the solid electrolyte under 
such a situation. Moreover, the Chemical Society of Japan, 7, 484 pages (1997) JP 7-288142.A Solid 
State Ionics, 89, 263, and (1986) JP,9-27352,A proposed the optoelectric transducer containing'the 
solid electrolyte which used the bridge formation polyethylene-oxide system high molecular 
compound. However, the optoelectric transducer using these solid electrolytes has the photoelectric 
transfer characteristic, especially inadequate short-circuit current density, and, in addition, its 
endurance is not enough, either. 

[0005] Moreover, in order to prevent disclosure and an exhaustion of an electrolyte constituent and to 
raise the endurance of an optoelectric transducer, the method of using a pyridinium salt, an 
inud^oUumsdt,amoriaZORlUMUsalt,etc.ismmcated(W0 95/No 18456 JP 8-259543 A. 
electrochemistry, the 65th volume, No. 1 1, 923page (1997), etc.). These salts are hi a melting state in 
ordinary temperature (near 25 degree C), and are called room temperature fused salt. Since solvents 
such as water and an organic solvent, are unnecessary or Utile and can be managed with this method, 
the endurance of a cell improves. However, especially the optoelectric transducer using such room ' 
temperature fused salt has a low open circuit voltage, and its photoelectric conversion efficiencv is 
not good. J 
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EFFECT OF THE INVENTION 



rEffect of the Invention] As explained in full detail above, the first of this invention and second 
electrolyte constituents are excellent in endurance and charge transportation ability, and the 
ontoelectric transducer and photoelectric cell using this electrolyte constituent show the outstanding 
endurance and the outstanding photoelectric transfer characteristic. This photoelectric cell is very 
effective as a solar battery. 
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TECHNICAL PROBLEM 



transportation ability and this electrolyte constituent ^uS^e sho™ ^ "* 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] The electrolyte constituent containing the polymer which this 
invention person makes the electrolyte constituent containing a siloxane compound including a 
specific repeat unit and this siloxane compound react with an electrophile agent wholeheartedly in 
view of the above-mentioned purpose as a result of research, and is obtained discovered that the 
outstanding charge transportation ability and outstanding endurance were shown, and hit on an idea 
of it to this invention. 

[0008] namely, the first electrolyte constituent of this invention - following general formula (1): --. 
[Formula 7] 
fa \ 

... (1) 



Ri:t-rQoi 

(However, Rl LI- Q01 (LI expresses combination or a divalent connection machine)) when Q01 
expresses a substituent when LI expresses combination, and LI expresses a divalent connection 
machine, Q01 expresses a hydrogen atom or a substituent Expressing, R2 is L2-Q02 (when Q02 
expresses a substituent when L2 expresses combination or a divalent connection machine and L2 
expresses combination, and L2 expresses a divalent connection machine, Q02 expresses a hydrogen 
atom or a substituent). it expresses It is characterized by containing the siloxane compound which 
has at least two substituents which react with an electrophile agent and can form covalent bond 
including the repeat unit expressed. 

[0009] Moreover, it is characterized by the second electrolyte constituent of this invention containing 
the polymer which the electrophile agent which has at least two leaving groups, and the siloxane 
compound which has at least two substituents which react with an electrophile agent and can form 
covalent bond including the repeat unit expressed by the above-mentioned general formula (1) are 
made to react, and is obtained. 

[0010] The first of this invention and second electrolyte constituents can be preferably used for a 
photoelectric cell. The optoelectric transducer of this invention has a conductive layer, a 
photosensitive layer, a charge transporting bed, and a counter electrode, and it is characterized by this 
charge transporting bed containing the electrolyte constituent of the above first, or. the second 
electrolyte constituent. The photoelectric cell of this invention uses this optoelectric transducer. 
[001 1] By filling the following conditions with this invention, the optoelectric transducer and 
photoelectric cell in which the electrolyte constituent which has further excellent endurance or charge 
transportation ability, the further excellent endurance, and the photoelectric transfer characteristic are 
shown are obtained. 

[0012] (1) In the first and second electrolyte constituents, as for the substituent which reacts with an 
electrophile agent and can form covalent bond, it is desirable that it is a basic group, and this basic 
group is an imidazolyl machine which is not replaced [ the pyridyl machine which is not replaced / 
substitution or /, substitution, or ] especially preferably. As for pKa of the conjugate acid of the 
compound which comes to add hydrogen to this basic group, it is desirable that it is 3-15. 
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[001 3] (2) As for the siloxane compound used for the first and second electrolyte constituen^Llna ^ 
[Formula 8] 



QrH-ii-5 



fit /?,3 \ R« 

S^h "^J*"** 1 Q 2 **ct with the above-mentioned electrophile agent independently 
respectively, and can form covalent bond is expressed among a general formula S^nK! T^™ 
mdependentiy me axyl group wWch is not replace [ 

mdependentl y> respectively, and n expresses the integer of 1-1000 connection machine 

[Formula 9] 

Ql 1 and Q21 express the atomic group which forms 5 or 6 member ring with a nitrogen atom 
mdependently, respectively among a general formula (3), Rl 1 -R16 expLs toCndSyT arvl 

[0014J (3) As for Ql 1 and Q21 in a general formula (3), in the first and second electrolyte 
constants ,s desimbk respectively to be constituted by one or more So SoSLen fiom 

fuKiT 

(4 \ M &r 5 0t 6 "? embeI wbich Ql 1 and Q21 in a general formula (3) form with a 

[0016] (5) As for pKa of the conjugate acid of the anion which the leaving group which an 
TsSr^ 

[0017] (6) As for the leaving group which an electrophile agent has, in the second electrolvte 

IS or S • "? SeC ° nd deCtr0l y te c ^tuents, it is desirable to contain an iodine salt 

Imtf^ ^ ° f m ° Pt0eleCtriC taMdn «- * is ****** to contain the 

semiconductor particle by which sensitization was carried out with coloring matter As for thk 

me^h^ 

metal chalcogenide particle, it is desirable that a titanium oxide particle is included Moreov er L for 
[0021] 

invention contains the specific sdoxane compound mentioned later Moreover the sernnr. P Wt™w 

with fte electrophile agent which has at least two leaving groups, and is obtahred Tie second 
deeply* constituent of this invention hardly shows a fluidity; but is excefltSt »d„Tcfand 
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charge transportation ability. The first of this invention and second electrolyte constituents may 
contain an electrolyte salt, a solvent, etc. further. Hereafter, each the first of this invention and second 
components of an electrolyte constituent are explained in full detail. 

[0022] (A) The siloxane compound used for the first of a siloxane compound this invention and 
second electrolyte constituents has at least two substituents which react with an electrophile agent and 
can form covalent bond, including the repeat unit expressed by the following general formula (1). In 
the second electrolyte constituent of this invention, this siloxane compound receives ornamentation of 
alkylation, class[ the / 4th ]-izing, etc. by the electrophile agent. 
[Formula 10] 



[0023] Rl expresses L1-Q01 among a general formula (1), and R2 expresses L2-Q02. Here, when 
Q01 expresses a substituent when LI expresses combination or a divalent connection machine and LI 
expresses combination, and LI expresses a divalent connection machine, Q01 expresses a hydrogen 
atom or a substituent. Moreover, when Q02 expresses a substituent when L2 expresses combination 
or a divalent connection machine and L2 expresses combination, and L2 expresses a divalent 
connection machine, Q02 expresses a hydrogen atom or a substituent. when they may also be 
included although a siloxane compound includes one repeat unit expressed by the general formula 
(1), and more than one are included, even if Rl and R2 in each repeat unit are the same respectively, 
they may differ [ two or more ] 

[0024] When LI or L2 expresses a divalent connection machine, as the example An alkylene 
machine, An alkenylene group, an arylene machine, -0-, -S-, -CO-, -NR'- (R! is a hydrogen atom or 
an alkyl group), - S02- and - SiR" - R"V (R - "and R m --. Respectively -- Alkyl Group -) An aryl 
group, an alkoxy group or aryloxy groups, such combination, etc. are mentioned. Especially -(CH2) 
ml % .o-, -(OCH2CH2) ml-, - Ml-O, -(OCH2CH2) M1-CH2-, (OCH2CH2) - (OCH2CH2CH2) 
ml-, -(OCH2CH2CH2) ml-O-, -(OCH2CH2CH2) ml-CH2-, -(CH2) ml-(Si(CH3)2-0) m2-, and -O- 
(CH2) ml-(Si(CH3)2-0) m2- is desirable. In addition, ml and m2 express the integer of 1-20, 



[0025] the case where Q01 and Q02 express a substituent - as the example of a desirable substituent 

an alkyl group (the shape of a straight chain -) You may be a letter of branching, or annular. For 
example, a methyl group, an ethyl group, n-propyl group, An isopropyl machine, t-butyl, n-octyl 
machine, a ray KOSHIRU machine, 2-chloro ethyl group, 2-cyano ethyl group, a 2-ethylhexyl 
machine, a cyclohexyl machine, a cyclopentylic group, aryl groups (for example, a phenyl group --), 
such as a 4-n-dodecyl cyclohexyl machine Heterocycle machines, such as p-tolyl group, a naphthyl 
group, and m-chlorophenyl machine (it is the univalent basis which comes preferably to remove one 
hydrogen atom from the aromatic heterocycle compound or un-aromatic heterocycle compound 
which is not replaced [ the substitution of 5 or 6 members, or ]) For example, 2-furil machine, 2- 
thienyl group, 2-pyrimidinyl group, 2-pyridyl machine, halogen atoms (for example, a chlorine atom - 
-), such as 4-pyridyl machine and 1-imidazolyl machine a cyano group, a nitro group and hydroxyl 
groups, such as a bromine atom and an iodine atom, and an alkoxy group (for example, a methoxy 
machine --) An ethoxy basis, an isopropoxy group, a t-butoxy machine, n-octyloxy machine, a 2- 
methoxyethoxy machine, -0(CH2CH20) mCH3 grade, and a silyloxy machine (for example, a 
trimethyl silyloxy machine --) t-buthyldimethyl silyloxy machine, a trimethoxy silyloxy machine, etc., 
an acyloxy machine (for example, a formyloxy machine, an acetyloxy machine, and a pivaloyloxy 
machine -) A stearoyl oxy-basis, a benzoyloxy machine, p-methoxypheny carbonyloxy group, etc., a 
carbamoyloxy machine (for example, N and an N-dimethylcarbamoyloxy machine -) A N,N- 
diethylcarbamoyloxy machine, morpholino carbonyloxy group, An N and N-G n-octyl aminocarbonyl 
oxy-basis, an N-n-octyl carbamoyloxy machine, etc., alkoxy carbonyloxy group (for example, a 
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2 S y Xy ^^^oxy machine, t-buthoxycarbonyloxy machine n 
octyl carbonyloxy group etc., aryloxy carbonyloxy. group (for example, a phenoxy (LbonyloxT 
machine -) p-methoxy phenoxy carbonyloxy machine, an p-n-hexadecyl oxy-phenoxy carbonvloxv 
machine, etc., the ammo group (for example, the amino group, a memylamko niach2e a 7 ^ 
dimethylamino machme and the Ernie Reno machine -) the acylamino machines (for example a 
fomiylammo machme --), such as N-methyl AN1RINO machine and a diphenylamLo macmn £ 

3 4, a 5-lree n-ocly oxy phenyl carbonylammo machine, etc., the aminocarbonyl amino group (for 
example, carbamoyl amino machme, N, and N-dimethylamino carbonylamino machine "5 NandN- 
oje^lanuno carbonylammo machine, a morpholmo carbonylammo m^hine etc an 
afcoxy^bonylaniino machine (for example, a memoxycarbonylamino machme -) An 
SST 7 u m f d ^ ^^^ylamino machine, nK)ctadecyloxycarbonylamino 
machine aryloxycarbonylamme machines (for example, a phenoxycark,nylamino machine -) such 
as N-methyl memoxycarbonylamino maclnne p-cMoro phenoxycarbonylaLo machm^ 
octyloxyphenoxycarb^nylainino machine, etc., a smfamoylammogroup (for example ' 
sulfamoylamino group, N, and N-dimemylamino sulfonylamino machine ~) alkyl sulfonylamino 
machines (for example, a mefoylsulfonylamino machine -), such as an N-n^ aX ° 
vSS^T Sulfon y lamino machines (for example, a phenyl smfonylamino machine - 

™ZiZ ^ s ^ on y la ^^achme 2, 3, 5-TORKURORO phenyl sulfonylamino macmTp- 
^2 f y ^y^machine, etc., a sulfhydryl group and an alkyl thio machine (for ^ 
example, a methylthio machme and an ethyl thio machine -) aryl thio machines (for example a 
phenyltlno machine --), such as an n-hexadecyl thio machine heterocycle thio machines^ eiLple 
a 2-benzothiazoletiuo group--), such as p-chloro phenylthio machine and m-methoxy phenyl^ 

N T f N-(3-dodecyloxy propyl) sulfamoyl group, N, and N-dimethyl sulfamoyl group 
m^ilf T° y f 0U P>, N - be f°yl sulfam °yl ^oup, alkyl sulfinyl machines (for example, f * 
mefoyl sulfinyl machine --), such as N-(N'-phenylcarbamoyl) sulfamoyl group aryl sulfinyl machines 
for examp e, a pheny sidfinyl machine -), such as an ethyl sulfinyl machine a%l sXnvl maSes 

2saf a methyl sulf r yl nr e r x ^ - i 5S355T 

machmes (for example, a phenyl sulfonyl machine -), such as an ethyl sulfonyl machineacyl groups 
(for example, an acetyl group -), such as p-methylphenyl sulfonyl machine A pivaloyl macmn? 2 
cWoro acetyl group, a stearoyl machine, a benzoyl, aryloxy carbonyl groups (for example, a^enoxy 
carbonyl group -) such as an p-n-octyloxy phenyl carbonyl group o-chlom phenoxy carbonyl 
m-ni^oglycerme phenoxy carbonyl group, alkoxy carbonyl groups (for example, a memox^arbonT 
group -), such as a p-t-butyl phenoxy carbonyl group An ethoxycarbonyl machine a t- 
butoxycarbonyl machine, n-octadecyl oxycarbonyl machine, etc., a carbamoyl group (for example a 
carbamoyl group and N-methyl carbamoyl group ~) An N and N^imethyl cLb^l-^ N and 
N-G n-octyl carbamoyl group, Silyl machines, such as N-(methyl sulfonyl) carbamoyl SSe 
silyl machme which is not replaced [ the substitution of carbon numbers 3-30 orTpreferabM For 

numh^2^ 

numbers 2-30 or J preferably for example, a dimethyl phosphino machine, a diphenyl phosphino 
machine, amefoyfohenoxyphosphino machine, etc.) etc. are mentionedispecW^ Soup 
Z7L^ P ' " SlIyl ^f L 0Xy *™P> a silyloxy'machine, a ^SrSyck 

mactoeSs^Ie ' " ^ ^ * ^ and a heter °^ le 

2S? above ; m ^ tion f siloxan e compound has two or more substituents which react with an 
elecfrophihc agent and can form covalent bond. As for the substituent which reacts with an 
electrophihc agent and can form covalent bond, in the first and second electrolyte constituents it is 

comes to add hydrogen to it points out three or more bases here. As for pKa of this conjugate acid it 
is desirable that it is 3-15, and it is more desirable that it is 4-12. such a basic group - ^atmo 
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group (a dimethylamino machine and a diethylamino machine --) nitrogen-containing heterocycle 
machines (a morpholino machine and a quinuclidinyl machine — ), such as the Ernie Reno machine A 
piperazinyl machine, a piperidino machine, a pyrroUdino machine, an imidazolyl machine, 2-methyl 
imidazolyl machine, A quinolyl machine, an acridinyl machine, a pyridyl machine, 2-methyl pyridyl 
machine, It is desirable that they are guanidino machines (trimethyl guanidino machine etc.), such as 
a diazabicyclo undecenyl machine, it is more desirable that it is a nitrogen-containing heterocycle 
machine, and it is desirable that it is especially the imidazolyl machine which is not replaced [ the 
pyridyl machine which is not replaced / substitution or /, substitution, or ]. The above-mentioned 
siloxane compound may have such a basic group at the side chain and/or end in the repeat unit 
expressed by the general formula (1). When it has this basic group in the side chain in the repeat unit 
expressed by the general formula (1), Q01 in a general formula (1) and/or Q02 are these basic groups. 

[0027] As for the siloxane compound used for the first of this invention, and second electrolyte 
constituents, being expressed by the following general formula (2) is desirable, and being expressed 
by the following general formula (3) is more desirable. 
[Formula 11] 



[0028] Ql and Q2 express the substituent which reacts with an electrophile agent independently, 
respectively and can form covalent bond among a general formula (2). The electrophile agent in this 
substituent and the atom which reacts are a nitrogen atom, the Lynn atom, or a sulfur atom preferably, 
is a nitrogen atom or the Lynn atom more preferably, and is a nitrogen atom especially preferably. As 
a substituent which Ql and Q2 express, the amino group, a phosphino machine, a heterocycle 
machine, an alkyl thio machine, etc. are mentioned. 

[0029] Rl 1-R16 express independently the aryl group which is not replaced [ the alkyl group which 
is not replaced / substitution or /, substitution, or ] among a general formula (2), respectively. Rl 1- 
Rl 6 are the alkyl groups of carbon numbers 1-10 preferably, are the alkyl group of carbon numbers 1 - 
3 more preferably, and are a methyl group especially preferably. 

[0030] The above Ql and Q2, and Rl 1-R16 may have the substituent, respectively, as the desirable 
example of this substituent — an alkyl group (a methyl group and an ethyl group — ) A propyl group, 
an isopropyl machine, a butyl, a pentyl machine, a hexyl machine, An octyl machine, a 2-ethylhexyl 
machine, t-octyl machine, a decyl group, the dodecyl, A tetradecyl machine, 2-hexyl decyl group, an 
octadecyl machine, a cyclohexyl machine, alkenyl machines (a vinyl group -), such as a 
cyclopentylic group, 2-carboxy ethyl group, and a benzyl A halogens atom, such as an allyl group (a 
fluorine atom, a chlorine atom, a bromine atom, iodine atom, etc.), A cyano group, an alkoxy group 
(a methoxy machine, an ethoxy basis, methoxyethoxy machine, etc.), aryloxy machines (phenoxy 
machine etc.) and an alkyl thio machine (a methylthio machine — ) Acyl groups, such as an ethyl thio 
machine (an acetyl group, a propionyl machine, benzoyl, etc.), sulfonyl machines (a methane sulfonyl 
machine, benzenesulphonyl machine, etc.) and an acyloxy machine (an acetoxy machine -) 
sulfonyloxy machines (a methane sulfo NIRIOKISHI machine --), such as a benzoyloxy machine 
Phosphonyl groups, such as a toluenesulfonyloxy machine (diethyl phosphonyl group etc.), Amide 
groups (an acetylamino machine, benzoylamino machine, etc.), carbamoyl groups (N and N-dimethyl 
carbamoyl group, N-phenylcarbamoyl machine, etc.), an aryl group, heterocycle machines (a phenyl 
group, toluyl machine, etc.) (a pyridyl machine, an imidazolyl machine, furanyl machine, etc.), etc. 
are mentioned. 

[003 1] LI 1 and L12 express a divalent connection machine independently among a general formula 
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(2), respectively. As an example of this divalent connection machine, the connection machine which 
comes to combine an alkylene machine, an alkenylene group, an arylene machine, -O- -S- -CO 
NR- (for R to express a hydrogen atom or an alkyl group), -S02-, -SiRRV (for R and R' toexnres^ an 
a^l group or an aryl group, respectively), and these [ two / or more ] is mentioned. * 
[0032] When LI 1 and L12 are an alkylene machine, an alkenylene group, or an arylene machine 
These A halogen atom (a fluorine atom, a chlorine atom, a bromine atom, iodineatom, Z ) A 

S2Ta f ?f P> &€ \ amin0 1 f ou P> a , nitro ^ * ^rboxyl group, a carbamoyl group a sulfonic 
group A s^onamide machme, acyl groups (a formyl machine, acetyl group, etc ) an acvloxv 
machine, The acylamino machine, alkyl groups (an acetamino machle benos amino S^tc ) 
You may have subsutuents, such as alkoxy groups (a methoxy machine, an ethoxy basis 

Zun Hn^7 *' T A 5° K / SHI ^ sulfonyl machine, an aryl 

group, an aryloxy group, and aryl sulfonyl machines (phenoxy machine etc ) 

[0033] n expresses the integer of 1-1000 among a general formula (2). n is the integer of 1-500 

preferably, and is the integer of 1-100 especially preferably. If n is larger than 100o! a reactant fall 

with ionic conductivity and an electrophile agent will be caused 

[0034] Ql I and Q21 express the atomic group which forms 5 or 6 member ring with a nitrogen atom 
independency, respectively among a general formula (3). As for Ql 1 and 021 it is desmmlf to bf 
constituted by one or more sorts of atoms chosen from ^ W ^o^ rfalSSS^ a 
hydrogen atom, a mtrogen atom, an oxygen atom, and a sulfor atom ' 
[0035] As for 5 or 6 member ring formed of Ql 1 and Q21, it is desirable that it is an unsaturate 
rmg As 5 member nngs, a pyrrohdme ring, an oxazole ring, a tbiazole ring, an imidazole ring a 

S 311 T XaZOl& ^ th,adiaZOlC ^ m ° xadiazole and a triazole ring are 
desnable, a thiazole nng an imidazole ring, and a triazole ring are more desirable, and especiallv an 

nvrimirr 1S ~ ^ s ^ member rings, a morpholine ring, a piperidine ring^^p^rmfoeAig^ a 

[0037] Although the example 1-1 to 1-18 of the siloxane compound used for the first of this invention 
second electrolyte consutoents is shown below, this invention is n^ 



[0038] 

[Formula 13] 



»8-10 



1-2 




[0039] 
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[Formula 14] 

1-5 



1-6 




1-7 



1-8 



[0040] 

[Formula 15] 

W) CH 3 \CH 3 I CH, C4He(n) 



1-9 



') 



1-10 



CH 3 



[0041] 

[Formula 16] 



1-n 



CH 3 



1-12 



"tto 



OCH, 

1-13 * | 7 
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tto 



[0042] 

[Formula 17] 



1-16 




1-17 



rIT? oom P° und V s ed I Jy- Mention is easily compoundable with the substitution 
reaction by Rl-H of a compound and/or R2-H which are expressed by the polymerization ofX 

hv thr m D0R0SHI 1 ^ latlon reactl0n of * e compound and olefin compound which are exnSssed 
by the following general formula (6), the condensation reaction of the comLundZ me^St 
compound which are expressed by the following general formula (7), ete ^ ^ 

[Formula 18] 

R41— Si— R, 2 • • • (4) 

R 2 

f^l™ 6XPreSS 3 ^ ^ 01 ^ 

[0045] 
[Formula 19] 

■Jf - (5> 

[0046] 
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[Formula 20] 

-SI— H • • • (6) 



&11 /*« \ fl8 
R12 W /n R « 

R „. R ,6a n dainage„e ra lfoim U la(6)arefheminageneralfonnula(2) > and homonymy, and its 

same is said of a desirable mode. 
[0047] 

[Formula 21] 

R.1 /?« \ ?16 

o-si-K>+^-oJ-si-a ...CD 

R12 \ R 14 /n R « 

same is said of a desirable mode. -wtrnlvte constituent of an electrophilic agent 

[0048] (B) The electrophilic agent used for ^J^^^^^ with "the substituent 
this indention has at least twoleavmg fJ^^SSthe above-mentioned 
wWchreactswi*^ 

Puerto" 

mentioned siloxane compound and S is desirable that they are 

ten or less, and it is more desirable that it * ^ e ^: machin m ajyisulfonyloxy 

[OOSO^avmgg.oupsmayb.^ 

machine, an acyloxy machine, etc., ^ c ^;£^ \ . . atom ^ io dine atom, a bromine 
an arylsulfonyloxy machine are des ^X ^ b^rnrne atom are more desirable, 

atom, and a chlorine atom are ^^^^S^e, a chloro methyl sulfonyloxy 
As an alkylsulfonyloxy machme, a methyl ^^SSmmrfi^ sulfonyloxy machine etc.) are 
machine, and perfluoroalkyl ^fonyloxy ^^^^to— ^ 
desirable. As an arylsulfonyloxy machme, a benzene ^^^^^ machine are 
mach^p-cUorob^^^^ 

substitution of all or a part of hydrogen atoms ^rrabl^ 

[0051] The amount of the electrophilic agent ^^^^^ ^Te-mentioned siloxane 
a siloxane compound has. When the number oi mois o . ui covalent i s not clear, the mass 

electrophilic agent hereafter, this invention is not limited to them. 
[0052] 

[Formula 22] 

, . .. 6/3/2003 
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E-2 



E-3 



E-4 



E-5 



E-6 



E-7 





E-fl 



CHaSOj-of-^sOjCHa 



&10 



n=8 



[0053] 

[Formula 23] 



E-11 



E-12 



E-13 



E-14 



E-15 



E-16 
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[0054] 

[Formula 24] 

pO-cc^oh-co-CHai 

E-1B hO-CCsHcOb-CO-CHil 
L 0-(C3H60)3-CO-CH 2 I 



r-O-CCHjCH^lz— CO-CH 2 l 
E-19 h-O-CCHzCHzOfe" CO-CHJ 

L OiCH 2 CH z O) Z '-CO-CH2l 



E£0 C^CH20CO-CH 2 -l) 4 

En21 j^^H^v^^^x^^ 1 I 

E-23 
E-24 



o o 

F A^ o o 



[0055] 

[Formula 25] 

E-25 



5 j^^^tf*^ 



fH 3 <j*3 <pH3 fHa 

E-26 jxv^x^sh-o-a— o— sh-o— sr^-^i 

CH a CH3 CH3 CH3 



B-27 

[0056] (C) The polymer used for the second electrolyte constituent of a polymerization-reaction this 
invention can be obtained by the polymerization reaction of the above-mentioned electrophilic agent 
and a siloxane compound. The polymerization of them is carried out by the alkylation reaction which 
occurs in detail between the electrophilic part in an electrophilic agent, and the substituent which 
reacts with this electrophilic agent in a siloxane compound, and can form covalent bond, the reaction 
(for example, the 4th class-ized reaction of nitrogen) which forms an onium salt. As for the mass 
average molecular weight of the polymer obtained, it is desirable that it is 1000-1 million, and it is 
more desirable that it is 2000-500,000. 

[0057] As for. polymerization reaction, it is desirable to carry out besides an electrophilic agent and a 
siloxane compound under the conditions with which the electrolyte salt mentioned later coexists. 
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Although an electrode salt may be added after a reaction, it is difficult to distribute an electrolyte 
salt uniformly. ma polymer m this case, and it is not desirable ^ 

S f!f Pa 1f g ^ r !f ti ° n S ° luti0n a siloxane compound, an electrophilic agent 

f ^ P 01 ^ 6 ^ 011 reac tion, when a [siloxane compound 7 W 

electrolyte salt + solvent] is made into 100 mass %, as for the mass ratio of a siloxane impound it is 
desirable to consider as 1 - 50 mass %, and it is more desirable to consider, as 3 - 30 ina^Tsmce 

SSSTS ? 6XCeed f ,tlSn0t d6SirabIe - 1,1 e ™ tfit uses a siloxane compound 

mdependently, it may use two or more sorts together. 

l? 0 ! 5 ^ t^u 311 elect * ol ? e 8311 electrolyte salt, they are (a) 12 and an iodide (it Lil(s)) for examnle 

mCtal J** tetra P° d ^lammonium iodide oShto^Kto 

4thclassammomumiodjnesalts,suchaspyridiniumiodi^^^ etc JT' 

the 4th class ammonium bromine salts, such as a tetrapod alkylammonium star's picture and a 
pyndinium star's picture, etc., (c) Metal complexes (a ferrocyanic-acid salt-ferric^^ si 
ferrocene-femcimum ion, etc.), (d) sulfur compounds (the poly sodium sulfide, alkyl thiol-S 
disulfide etcO, (e) viologen coloring matter, a hydroquinone-quinone, etc. can be^eT E pedafly 
tcZ^T of 12 - d * e 4 ^ -I-s ammonium iodine salt is desirable. You may^aS ^ 

[0060] Moreover, EP71 8288, WO 95/18456, J.Electrochem.Soc, Vol.143, No.10 and 3099 (1 9961 
as an electrolyte salt Inorg.Chem., 35, and 1168-1178 (1996) JP 8-259541 A 2wk 1 ? 
6*fcvolume,No.l^ 

imidazohum salt, and a thoria ZORIUMU salt, can also be used The quShy of Zten salt 
electrolysis is desirable especially from a viewpoint of coexistence of endurance and cfcL 
transportation ability. In addition, fused salt here is liquefied in a room tempera^ o7*T the salt of 
toelowmelnngpomtanditis [as for me meltmgpomUt is desirable that his 100^ s C^ss 
and] desirable [ the melting point ] that it is especially near a room temperature ^ C ° r ,ess > 
[0061 asthe fused salt which can be preferably used by this invention ~ the following general 
formula (Y-a) - what is expressed by either is mentioned for and (Y-b) (Y-c) 

I yj\j\j^d i. 

[Formula 26] 

o 

^ r • • - {Y-a) 



f 

•V-fvi^-R* r ■ • • (Y-b) 



^N^N^ f ■ • • (Y-c) 

[0063 J Qy 1 expresses the atomic group which forms the aromatic cation of 5 or 6 member ring with a 
mtogen atom among a general formula (Y-a). As for Qyl, it is desirable to. be conXtS b^eT 
more sorts of atoms chosen from the group which consists of a carbon atom, a hydrogen^m a 
nitrogen atom, an oxygen atom, and a sulfur atom. 

[0064] It is desirable that they are an oxazole ring, a thiazole ring, an imidazole ring, a pyrazole ring, 
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an isoxazole ring, a thiadiazole ring, an oxadiazole ring, a triazole ring, the Indore ring, or a a ^yirole^ 2 ^ 
ring, as for 5 member rings formed of Qy 1 , it is more desirable that they are an oxazole ring, a 
thiazole ring, or an imidazole ring, and it is desirable that they are especially an oxazole ring or an 
imidazole ring. As for 6 member rings formed of Qyl, it is desirable that they are a pyridine ring, a 
pyrimidine ring, a pyridazine ring, a pyrazine ring, or a triazine ring, and it is more desirable that it is 
a pyridine ring. 

[0065] Ay 1 expresses a nitrogen atom or the Lynn atom among a general formula (Y-b). 
[0066] A general formula (Y -a), and (Y -b) (Y -c) inner Ry 1 -inner Ry6 are an alkyl group (even if it 
has the shape of the carbon atomic numbers 1-24 and a straight chain preferably and is a letter of 
branching) which is not replaced [ substitution or ] independently, respectively. You may be a ring 
type. Moreover, for example, a methyl group, an ethyl group, a propyl group, An isoprppyl machine, 
a pentyl machine, a hexyl machine,, an octyl machine, a 2-ethylhexyl machine, t-octyl machine, a 
decyl group, a dodecyl machine, a tetradecyl machine, 2-hexyl decyl group, ARUKENIRU machines 
which are not replaced [ substitution or ], such as an octadecyl machine, a cyclohexyl machine, and a 
cyclopentylic group (even if it has the shape of the carbon atomic numbers 2-24 and a straight chain 
preferably, you may be a letter of branching) For example, a vinyl group, an allyl group, etc. are 
expressed, and it is the alkyl group of the carbon atomic numbers 2-18, or the ARUKENIRU machine 
of the carbon atomic numbers 2-18 more preferably, and is the alkyl group of the carbon atomic 
numbers 2-6 especially preferably. 

[0067] Moreover, among Ryl-Ry4 in a general formula (Y-b), the un-aromatic ring in which two or 
more connect with mutually and they contain Ay 1 may be formed, two or more may connect mutually 
and they may form a ring structure among Ryl-Ry6 in a general formula (Y-c). 
[0068] A general formula (Y -a), inner Qyl , and Ry 1 -Ry6 may have the substituent. as the desirable 
example of this substituent — . a halogen atom (it Cl(s) and Br(s) F — ) cyano groups, such as I, and an 
alkoxy group (a methoxy machine, an ethoxy basis, and a methoxyethoxy machine -) Aryloxy 
machines (phenoxy machine etc.), such as a methoxyethoxy ethoxy basis, Alkyl thio machines (a 
methylthio machine, ethyl thio machine, etc.), an alkoxy carbonyl group (ethoxycarbonyl machine 
etc.), carbonate machines (ethoxycarbonyloxy machine etc.) and an acyl group (an acetyl group -) 
sulfonyl machines (a methane sutfonyl machine --), such as a propionyl machine and a benzoyl 
Acyloxy machines (an acetoxy machine, benzoylbxy machine, etc.), such as a benzenesulphonyl 
machine, A sulfonyloxy machine (a methane sulfonyloxy machine, toluenesulfonyloxy machine, 
etc.), phosphonyl groups (diethyl phosphonyl group etc.) and an amide group (an acetylamino 
machine --) Carbamoyl groups, such as a benzoylamino machine (N and N-dimethyl carbamoyl group 
etc.), an alkyl group (a methyl group, an ethyl group, a propyl group, an isopropyl machine, and a 
cyclo propyl group --) Aryl groups, such as a butyl, 2-carboxy ethyl group, and a benzyl, heterocycle 
machines (a phenyl group, toluyl machine, etc.) (a pyridyl machine, an imidazolyl machine, furanyl 
machine, etc.), ARUKENIRU machines (a vinyl group, 1-propenyl machine, etc.X a silyl machine, a 
silyloxy machine^ etc. are mentioned. 

[0069] The fused salt expressed by the above-mentioned general formula (Y-a) - (Y-c) either may 
form a polymer through either Qyl, and Ryl-Ry6. 

[0070] You may use the fused salt expressed by the above-mentioned general formula (Y-a) - (Y-c) 
either, mixing with the salt which could use it, having mixed two or more sorts even if it used it 
independently, and replaced iodide ion I- by other anions. As an anion which replaces I-, halogenide 
ion, SCN- (C1-, Br-, etc.), BF4-, PF6-, C104-, 2 (CF3S02)N-, 2 (CF3CF2S02)N-, CF3S03-, 
CH3S03-, CF3COO-, Ph4B-, 3(CF3S02) C-, etc. are desirable. They are SCN-, BF4-, CF3S03-, 
CF3COO-, or (CF3S02) 2N- more preferably. 

[0071] Moreover, alkali-metal salts, such as other iodine salts and CF3COOLi like Lil, CF3COONa, 
LiSCN, and NaSCN, can also be added. As for the addition of an alkali-metal salt* it is desirable to 
consider as a 0.02 - 2 mass % grade, and it is still more desirable to consider as 0.1 to 1 mass %. 
[0072] Although - (Y29) is listed to the example (Yl) of the electrolyte salt preferably used by this 
invention, and the following, they do not limit this invention. 
[0073] 

[Formula 27] 

nY1-1:X>r 
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YI-S.XsN-CSOjCFafe 
Y1-4:X=Pty 



(Y2) 



9~. 



YM:x=r 

Y2-2:X=SF 4 

YWrX^fSO^afe 

Y2-4:X=CF3COO- 

Y2-5:X=SCN" 

YM:XbCF s SOs- 



(Y3) 



9^ 

CHjCN 



Y3-2:X=BF 4 ' 

YW : X"=N"(S02CF3)2 



CY4) 



9" 



IjCN 



Y4-1:X«r 

Y«:X=BF 4 - 

Y«:X=N-(S0 2 CF 3 ) 2 



(Y5) 



err 



Y5-1 : X=r 

Y5-2 : X=BfY 

YWiX^NXSQjCFjk 



(YB) 



[0074] 

[Formula 28] 

im Ma 3 Sh^r N ^ Nt -(CH J CH J OfeCH 3 



(Y8) 



/-v x 



(YS) 



(Y«D 



(CHjCHzO^Hg 
pVHaOfaCHs 

(CHzCHjOliCHs 



Y*2:X=BF 4 
YMiX^N-tSOaCFsla 
YW:X=Br 
Y^5:X"=CF3COO" 

Y^7:^=CF 3 S03- 



Y7-2:X>BF 4 

Y7-4:X=CF3COO' 
Y7^:X=SCN- 

YMrXN" 

YM:X*=CF3COCT 

Y84:X=SCfr 

YB-7:)C=CF3S03- 

Y9-1:X=r 

YW:X-=CF^COa 
YW:X=SCN- 



Y«M:X*T 
YK«:X=BF 4 - 



CY11) 



0 r 



Yii-i:x=r 

Y11-2:X=8F 4 
T YIW.X-JnSOjCFjb 
(CHzCHjPJbCHb 
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[0075] 
[Formula 29] 



X X 



Y12-1:X=T 

Y12-a:X=BF 4 " 
Y12^:X=N-(802CFs)j 



Yl3-l:X=r 

Y1M:X*=BF 4 

Y1W.X=W(S0 2 CF a fe 



(Y14) 



Y14-1:X=r 

Y1«:X=BF 4 " 

Y1«:)C=N-(S02CF3)2 



(Y15) 



A A ^ 



Y15-1:X=r 

Y1M:X*BF 4 * 

Y1M:X=hr{S02CF3l2 



(Y16) 



J I 



Y1W:X«T 

Y1*2:X=BF 4 

Y1M:X=MXS02CF3h 



[0076] 

[Formula 30] 

CH2PH3 

(Y17) HaQHaC-Hjl^Hstn) ^ 

CH2CH3 



Y17-1:X=r 
Y17-2:X-=BF 4 - 
Y17-3:X-=rrtS02CF3fa 
Y17-4:X=PF 6 " 



CH2CH3 

(Y1B) H 3 C>-fjl 1 ^CH 2 CH 2 0) 2 C^3 x 

CH2CH3 



Y18-1:X=r 

Y18-2:X=BF 4 ' 

YlMrX^MXSOsCFafe 



(QHaCHaObCHs 



Y19-1:X"=r 
Y19-2:X«BF 4 ~ 

CY19) H 3 (XOH 2 CH^^(CH 2 CH 2 0) 2 CH3 x ^^SSS^ 

6H3 Yiw:x*scrr 

Y1M:X=CFaSQ3" 



CH2CH3 



(Y20) H 3 0^-| i ^2CH 2 0-^^ 
CH^CHa 



Y2M:X=f 

Y2M:X=BF 4 - 

Y»V3:X=rf(S02CF3fe 



(Y21) 



Y2M:X=T 

Y21-2:X=BF 4 " 

Y21-3:X^NXS02CF3)2 



(Y22) 



Y22-1:X=T 
Y22-2 : X=BF 4 " 
Y22^:X=ff(S0 2 CF 3 ) 2 
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[Formula 31] 



(V23) 



HjC-|*-C«HiCo) 
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Y23-1 : X=r 
Y23-2 : X=Bfy 



(Y24) 




CH^OCHjCH^CHjCHjO; 



'hCHjCHj 



(Y25) 



9 



(CHaCHaQJjCHaCHa 



Y24.1:X=T 
Y24-2:X=«V 



Y25-1:X=r 
Y25-2:X=BF 4 - 



(Y25) 



Y26-1 :X=r 

Y26-3 : X=BFt 
Y26-4:X=PF 8 - 



[0078] 

[Formula 32] 



(Y28) 



YZM:X"=r 

Y2M:X=CF3COO- 

Y27^:X=SChT 

V27^:X=CFsS03- 



Y2ft-1:X=r 

Y2B-2:X=BF 4 - 

YZMiX^SQzCF^ 



(Y2S) 



9 

Hjtf (C 



(CHjCHsOijCHs 



Y2»-1:X=r 



[0079] It is desirable not to use a solvent in this invention using what is in a melti™ eh*. ;„ 

content of an electrolyte salt, it is desirable that it is more than 50 mass % to thewSd^ll 
consumen^anditisdesirablethatitis^ 

this mventron, and second electrolyte constituents, it is desirable to contain me Z^IentionT 
siloxane compound and iodine salts other than the above-mentioned polym^andills ^Ste that 
moretl 1 an50mass%isaiiiodme^ 

[0080] (E) As for the first of an iodine this invention, and second electrolyte constituents it is 
desirable to contain iodine. As for an iodine content, it is desirable that it to20 m5s % to the 
whole electrolyte constituent, and it is more desirable that it is 0.5 to 5 masV%. Moreo^r ioto and 
a brornme can be added m the reaction solution containing the siloxane compound, eSopS 
agem, and electrolyte salt which were mentioned above, and it can also be mil to gyrate aredox 

cSe^ 
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especially below 10 mass %. hvnoviscositv or what can discover the ion conductivity 

which raised enecnve ca carbonate compound (ethylene carbonate -) 

Cfl^ftoaddition to the first of this invention, and second eleetrolyteeonstituene, it is desirable 

eel Wo* gemng agent addition, J.Chem.Soc.Japan, Ind.Chen^Sec, 46, and £79 (1943), 
gel oy ou geumg <tg » Chem.Commun., 1993, 390, 

J.Am.Chem.Soc., 1 1 1 and 5542 (1989) J ^ ^ > ^ ^ compound which can use 

Angew.Chem.IntJEd.Engl., 35 and 1949 (1996) U ^esnabie ^ ^ 545 
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semiconductor particle 21 by which *nsiSta^ 

coloring matter 22, and the electron of the high t^^T-T? 7 8 matta: 22 excites 
the conduction band of the semiconductor pfijof ^ 1 001011118 matter 22 is P"** to 
difiusion further. At this time, colorkg ^22^? ""S" 3 canducl ^ layer. 1 0 by 
toeele^nma^^ 

matter22thxoughmecounterelecttode^ 

coloring matter 22 is reproduced A photoSJ^^on ^ Clmge trans P ortill g bed 30, and 
anode), and a counter electrode 40 • oSS^S? 7°*^ * negative dectrode «*lfcal 
example, the boundary of a conducSer oST^^^^ m ^(^ 
photosensitive layer 20 and the charg Z^bfTT^^ 2 °' *° of * 

bed 30 and the counter electrode coSSSSS^^^ ? Charge 
class may be carrying out diffusive mixmg^mut^h^ H^i°£^ u T' ^ ^^ents of each 
[0087] (A) A conductive base material cond^cShS ^ • ? ClaSS 18 expIained detail, 
conductive layer or (2) conductive u ^ C0DS1StS of «» monolayer of (1) 

wmchmtensityandsealmgperfo^ 

be used, for example, it can use metallic matenl?Z^ d SiFT* ^ C ° nductivB layer can 
alummum, these alloys, etc.). In the case of (2?Ze SET' & u l ^ °° Pper > ^ titaniu *> 
an electric conduction agent can be u^for a nhotoSSf 6 7*"* 5* a CandnctivB ^taming 
conduction agent, metals (for cxam^ XZ^ T^^ 1 ^ M a d ^ ble electric 
indium, the .So, containing AeTel fclZ?^ 1^ °° P ^ ^ titankm > an 
fluorine or antimony to an L^S^S^S ^flT ^ ^ (what ^ped a 

[0088] A conductive base material has surface f»lpr»w i w 

electrical resistance is below SOonmT? ^2^!^ 35 g ° od 35 a lo w. Surface 
[0089] When irradiating light froTa ^condSt^ ^V 8 ^ 200 ^^*^ preferably, 
it is desirable that it is subSntialty iZ^^ I fa 3 ^e material 

1 0% or more that it is transparent * ?!T substantial y that a light transmittance is it 
120(tom).AsfortWsUght^nn^^ 
that it is80o/oormore.It is desirabletS^ 

mSH^ Sensitivit y espec^lfmg^ *° ^length region where a 

evaporationo as a transparent conducti J^ LT^t:^ piaSUCS : ? y m a PP«cation or vacuum 
layer, it is desirable to consist of diacid wSl^f ^ M ** & conduc tive 
stannic-acid ghost (ITO). In addition^ S ?1 3 T ° r or 311 

alkah free glass without the influent ^XKS^ I ^ adwnb « B ^ »da glass and an 

polymer film is usable in respect of cost SterS°v a tomspara* subs ^te, a transparent 
triacetyl-cellulose (TAG), polyetiiy fc£££Sffi "T^ ° f & taB, * arent pol ^ er ^> a 
syndiotacticpolystyrenetspsl^ 
P«ne(PS^^^ 

polyolefine, and bromine-ized phenoxv etc ^Z, ,^^ ^ ^ 
toe^verag^^^ 

base materials of glass or plastics. Xiae>lt 18 desuabIe to consider as per [0.01-100g ] two lmof 
[0091] It is desirable to use a metal leari in «~ i 

nickel, titanium, aluminum, copper, an I s^Jfe ^11^° "f^ *"* 33 platinum > «^ 
transparent substmte by vacuum evlporau^ 

conductive layer which consists of c^nducti^ ^ It^t ° D * traDSparent 

hghts by metal lead installation is more 
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[0092] (B) As for a photosensitive-layer (1) semiconductor photosensitive layer, it is desirable to 
contain the semiconductor particle by which sensitization was carried out with coloring matter. In a 
photosensitive layer, a semiconductor acts as a photo conductor, absorbs light, performs charge 
separation, and produces an electron and an electron hole. With the semiconductor by which coloring 
matter sensitization was carried out, generating of an optical absorption, the electron by this, and an 
electron hole takes place mainly in coloring matter, and a semiconductor bears the role which 
receives and transmits this electron (or electron hole). As for the semiconductor used by this 
invention, it is desirable that it is the n-type semiconductor which a conductor electron serves as a 
carrier under optical pumping, and gives an anode current. 

[0093] The compounds (a strontium titanate, titanic-acid calcium, titanic-acid sodium, a barium 
titanate, niobic-acid potassium, etc.) which have an element semiconductor like silicon or 
germanium, a III-V system compound semiconductor, metaled chalcogenide (an oxide, a sulfide, 
selenides, those composites, etc.), and a perovskite structure as an example of the semiconductor used 
by this invention are mentioned. Metal chalcogenide is desirable especially. 

[0094] As desirable metal chalcogenide, the oxide of titanium, tin; zinc, iron, a tungsten, a zirconium, 
a hafnium, strontium, an indium, a cerium, an yttrium, a lanthanum, vanadium, niobium, or a 
tantalum, cadmium, zinc, lead, silver, antimony or the sulfide of a bismuth, cadmium or a leaden 
selenide, the telluride of cadmium, etc. are mentioned. As other compound semiconductors, the 
selenide of phosphides, such as zinc, a gallium, an indium, and cadmium, a gallium arsenide, or a 
copper-indium, the sulfide of a copper-indium, etc. are mentioned. Furthermore, a composite like 
MxOySz or MlxM2yOz (an oxygen atom, x, and y and z express the number [ atom / metal ] with 
which M, Ml , and M2 become, and, as for O, a valence becomes neutral, respectively) can also be 
used preferably. 

[0095] Preferably the semiconductor used by this invention Si, Ti02, Sn02, Fe 203, W03, ZnO, Nb 
205, CdS, ZnS and PbS, Bi2S3, CdSe, CdTe, It is SrTi03, GaP, InP, GaAs, CuInS?, or CuInSe2. 
More preferably Ti02, Sn02, Fe 203, W03, ZnO, It is Nb 205, CdS and PbS, CdSe, SrTi03 and 
InP, GaAs, CuInS2, or CuInSe2, is Ti02 or Nb 205 especially preferably, and is Ti02 most 
preferably. As for Ti02, it is desirable to include an anatase type crystal 70% or more, and it is more 
desirable that it is 1 00% anatase type crystal. 

[0096] It is desirable to dope a metal in order to raise the electronic conductivity in a semiconductor. 
As a metal to dope, a divalent or trivalent metal is desirable. In order to prevent that a reverse current 
flows from a semiconductor to a charge transporting bed, it is also effective in a semiconductor to 
dope a univalent metal. 

[0097] Although a single crystal or a polycrystal is sufficient as the semiconductor used for this 
invention, the polycrystal from a viewpoint of a manufacturing cost, raw-material reservation, and an 
energy pay back time is desirable. The amorphous portion may be included in part. As for a 
semiconductor, it is desirable to use as a porous membrane which consists of a semiconductor 
particle. 

[0098] Generally the particle size of a semiconductor particle is the order of nm-mu m. As for the 
primary-particle mean particle diameter which asked for the projected area of a particle from the 
diameter when converting into a circle, it is desirable that it is 5-200nm, and it is more desirable that 
it is 8-100nm. Moreover, as for the mean particle diameter of the semiconductor particle in the 
dispersion liquid produced in order to apply on a conductive base material (aggregated particle), it is 
desirable that it is 0.01-30 micrometers. Two or more kinds of particles from which a particle size 
distribution differs may be mixed, it is desirable that the average size of a small particle is 25nm or 
less in this case, and it is more desirable that it is lOnm or less. Particle size is big, for example, it is 
also desirable to mix a semiconductor particle (lOOnm or more and about 300nm) in order to scatter 
an incident light and to raise the rate of optical capture. 

[0099] You may mix and use two or more sorts of semiconductor particles from which a kind also 
differs. In such a case, as for one sort, it is desirable that they are Ti02, ZnO, Nb 205, or SrTi03. As 
for another side, it is desirable that they are Sn02, Fe 203, or W03. Especially, ZnO, Sn02, ZnO and 
W03, ZnO, or the combination of Sn02 and W03 is more desirable. When mixing and using two or 
more sorts of semiconductor particles, each particle size may differ. Especially the particle size of the 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] Hereafter, although an example explains this invention still in detail, this invention is not 

[0145? i°Themanufacture inside of titanium-dioxide dispersion liquid. With 15g [ of titanium- 
dioxide particles ] (product [ made from Japanese Aerosil ], Degussa P-25), 45g [ of water ], lg [ of 
dispersants ] (Aldrich make, Triton X-100), and a diameter of 0.5mm zirconia-beads (Nikkato Corp. 
make) 30g was put into the container made from stainless steel of 200ml of content volume which 
carried out Teflon (registered trademark) coating, and distributed processing was carried out by 
1500rpm for 2 hours using the Sand-grinder mill (product made from eye MEKKUSU). Filtration 
removed zirconia beads from the obtained dispersion liquid. The mean particle diameter of the 
titanium-dioxide particle in the obtained dispersion liquid was 2.5 micrometers. In addition, particle 
size was measured in the master sizer made from MALVERN. 

[0146] 2 The glass rod was used and the above-mentioned dispersion liquid were applied to the 
electric conduction side side of the electrically conductive glass (thing and surface-electrical- 
resistance about 30ohm/** which carried out cutting processing of the TCO glass [ by Asahi Glass 
Co Ltd ]-U at the 20mmx20mm size) which has the tin-oxide layer which doped the creation 
fluorine of Ti02 electrode which adsorbed coloring matter. The coverage of a semiconductor particle 
was taken as 20 g/m2. At that time, the adhesive tape was stretched to the part by the side of an 
electric conduction side (from an edge to 3mm), and it considered as the spacer, and glass was put m 
order and it applied eight sheets at a time at once so that an adhesive tape might come to ends. After 
the application, it exfoliated and the adhesive tape was air-dried for one day at the room temperature. 
Next this glass was put into the electric furnace (muffle furnace FP-32 type made from Yamato 
Science) it calcinated for 30 minutes at 450 degrees C, and Ti02 electrode was obtained. It flooded 
with the ethanol solution (3x10-4 mol/1) of coloring matter R-l for 3 hours, after taking out this 
electrode and cooling. Ti02 electrode which coloring matter dyed was washed and air-dned by 
ethanol, after being immersed in the 4-t-butyl pyridine for 15 minutes. The thickness of the obtained 
photosensitive layer was 6.5 micrometers. . 
[0147] 3 The acetonitrile solution containing the electrolyte salt MHJm of the photoelectrochemical- 
cell examples 1 -7, the example 1 of comparison, and 20.5 mol/1 using the electrolyte constituent 
containing the production 3-1. solvent of a photoelectrochemical cell (iodine salt of l-methyl-3-hexyl 
imidazolium) and 0.05 mol [/l. ] iodine was prepared, and the siloxane compound 1-4 was added to 
this 10 mass % The siloxane compound made the [solvent + electrolyte salt + siloxane compound] 
100 mass %, and used it here. It was made to sink into the crevice which piled up the platinum 
vacuum evaporationo glass of the coloring matter sensitization Ti02 electrode substrate 
(20mmx20mm) which produced the obtained solution as mentioned above, and the same size as this 
using capillarity, introduced into the Ti02 electrode, it closed by the epoxy system encapsulant, and 
the photoelectrochemical cell of an example 1 using the first electrolyte constituent of this invention 
was obtained. The photoelectrochemical cell of examples 2-7 using the first electrolyte constituent of 
this invention was obtained like the above-mentioned example 1 except having changed the solvent 
and the siloxane compound, as shown in the following table 1 . Moreover, except not adding a 
siloxane compound, the photoelectrochemical cell of the example 1 of comparison was produced like 
the above-mentioned example 1, and the photoelectrochemical cell of the example 2 of comparison 
was produced like the above-mentioned example 1 except having changed to the siloxane compound 
htto://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/3/20 



[0148] 
Table 1] 



sum 



ttttfll 



R-1 



R-1 



R-1 



R-1 



R-1 
R-1 



R-1 
R-1 



R-1 



J_4j10J_ 



1-4 (10) 



1-6 (10) 



1-11 (10) 



1-13 (10) 



1-17 (10) 



BftH* 



MHjn (OS) 



MHhj (QJ5i 



MMm (OS) 



MHbn (OS) 



MHfrn (OS) 



MHJm (Q.S) 



MHhn (OS) 



Mttn(05) | (US 



3** 

ftnoM) 



OJ05 



OjOS 



O05 



005 



0.05 



0.05 



0.05 



AN 



NMO 



PC 



AN 



AN 



AN 



AN 



AN 



AN 



[0149] The acetonitrile solution containing the electrolyte salt MHLn of an examnle x nn. m 
iodine salt of l-methy.-3-hexyl imidazohum) and the iodine oftTmoW waaTSJL 4 

e™£f 15 ^fwT a T? C °T >Und to Table 2 - ^ Ph°t°elecn™h!mical c*U oT 
examples 15-17 using the second electrolyte constituent of this invention was obtain hvTaT 

to a sil d shows ^ eV^s^rixs ^r s rati ° (wt%) 

photoelectrochemical cell of examples 15-17 tte 
[0150] 

[Table 2] 
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TomSBi 

n ni ■ jl 


ft* 






t9li 

(moW) 


3«>* 

(moW) 




3feBWO 


R.1 

r\r 1 




1-4 (10) 


MHm (0J5) 


OjOS 


AN 


strffcttfa 


fv* 1 




1-4 (10) 


MHm (0.5) 


0-05 


NMO 




R 1 




1-4 MO) 


MHm (0J5) 


OJ06 


PC 


BZftfcOHl 


R.1 


E-3 M) 


1-6 (10) 

*7 V 1 */ 


MHm (0.5) 


0J05 


AN 




R.1 


C.10 f4\ 


1-4 (10) 


MHbn (05) 


OJ05 


AN 




R-1 


E-12 (1) 


1-6 (10) 


MHhn (0j5) 


0J05 


AN 




R-1 


E-3 (03). Eh5 (0.1) 


1-4 (10) 


MHkn (05) 


0J05 


AN 




M 


E-3 (5 Wt%) 


1-11 (10) 


MHtm (0.5) 


0.05 


AN 


£11*16 


R-1 


E-3 (5 wt%) 


1-13 (10) 


MHbn (0i>) 


OjOS 


AN 




R-1 


E-3(5 Wt%) 


1-17 (10) 


MHm (0.5) 


0.05 


AN 



[0151] The hexa ethylene glycol methacrylic ester ("BUREMMA PE-350" by the Nippon Oil & Fats 
chemistry company) of 3500mg of examples of comparison, lg propylene carbonate, and the mixed 
liquor containing the 2mg polymerization initiator azobisuisobutironitoriru were prepared, and the 
500mg iodation lithium was dissolved in this. Next, the vacuum deairing of this mixed liquor was 
carried out for 10 minutes, and it applied to the coloring matter sensitization Ti02 electrode substrate 
(20mmx20mm) produced as mentioned above. Then, after putting under reduced pressure of Ti02 
electrode which applied mixed liquor and urging osmosis of a monomer except for the air bubbles in 
Ti02 electrode, at 60 degrees C, it heated for 1 hour and the polymerization was carried out. It **(ed) 
for 30 minutes under iodine atmosphere at the room temperature after the polymerization, and iodine 
was diffused in the obtained polymer. This was piled up with the counter electrode which deposited 
platinum and the photoelectrochemical cell (photoelectrochemical cell using the electrolyte the 
Chemical Society of Japan, 7, and given in 484 page (1997)) of the example 3 of comparison was 
obtained. 

[0152] 3-2. The fused salt A of the photoelectrochemical-cell examples 18-28 and the example 4 ot 
comparison - 660 mass % using the electrolyte constituent containing room temperature fused salt, 
the fused salt B of 28 mass %, the iodine of 2 mass %, and the siloxane compound 1-4 of 10 mass % 
were mixed, and the uniform electrolyte constituent was prepared. After applying 5micro of obtained 
electrolyte constituents 1 to the coloring matter sensitization Ti02 electrode substrate produced as 
mentioned above, it put under reduced pressure of this electrode, and the electrolyte constituent was 
made to permeate. After the electrolyte constituent fully permeated and the air in an electrode fell out, 
platinum vacuum evaporationo glass was laid on top of this, and the photoelectrochemical cell of an 
example 18 using the first electrolyte constituent of this invention was obtained. The 
photoelectrochemical cell of examples 19-28 using the first electrolyte constituent of this invention 
was obtained like the above-mentioned example 1 8 except having changed fused salt, its mass ratio, 
and the siloxane compound, as shown in the following table 3. Moreover, dont add a siloxane 
compound but fused salt and its mass ratio should be shown in Table 3. Except having changed, the 
photoelectrochemical cell of the examples 4 and 5 of comparison was produced like the above- 
mentioned example 18, it changed to the siloxane compound further, t-butyl pyridine was added, and 
the photoelectrochemical cell of the example 6 of comparison was produced like the above- 
mentioned example 18 except having changed fused salt and its mass ratio, as shown in Table 3. 
However, the amount of t-butyl pyridine was made into 10 mass %. The coloring matter used for the 
photoelectrochemical cell of the above-mentioned examples 1 8-28 and the examples 4-6 of 
comparison, fused salt and its mass ratio, the mass ratio of iodine, a siloxane compound, and its mass 
ratio are collectively shown in Table 3. Moreover, the structure of fused salt A-D is shown below. 
0153] 



ht^:7/www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_eije 





«* 


SHWtt 
(**%) 


34* 
(«*%) 


(«*%) 


JUM18 


R-1 


A (60) / B (28) 


2 


1-4 (10) 


$tttt19 


Rr1 


A (60) / C (28) 


2 


1-4 (10) 


£tttt20 


R-1 


A (60) / C (28) 


2 


1-4 (10) 


XttttM 


R-1 


A (60) / B (28) 


2 


1* (10) 




R-1 


D (60) / C (28) 


2 


1-4 (10) 


«fi«3 


R-1 


D (60) / C (28) 


2 


1-4 (10) 


*fc«4 


R-1 


D (60) / C (28) 


2 


1-6 (10) 


»*«25 


R-1 


D (60) / C (28) 


2 


M (10) 


«fe«6 


R-1 


A (60) / C (28) 


2 


1-11 (10) 
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%ttftZ7 


R-1 


A (60) / C (28) 




4 1^ /4m 

l-io 




R-1 


A (BO) / C (28) 


2 


1-17 (10) 




R-1 


A (70) / C (28) 


2 






R-1 


D (70) / C (28) 


2 






R-1 


A (80) / C (28) 


2 





[0154] 
[Fonnula 39] 
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r 



B 



r 

Q4H5 



0 



Y» BF4 
O2HS 



0 



[0155] The feed salt A of an example 29 - 3960 mass %, the fused salt B of 28 mass % the iodine of 
S d ^ **o™e " m f™* 1 -4 of 1 0 mass K were mixed, the electee agen E-3^as 
added further, and the uniform electrolyte constituent was prepared. Here the electronhlc Lent ZZ 
added so that the mole ratio of the electrophilic part of the LLphili ^ent toSfrSvelSr 
the^T Wmp< T ^ H 8 * to 1 . After applying 5micro of obtainedlSolyte Smente 1 to 
Zl^™ 8 matter /f ™2 electrode substrate produced as mentioned^elS^nder 

reduced pressure of this electrode, and the electrolyte constituent was made to rJZte' aC tT, 
electrolyte constituent fuUy permeated and the air hTan ele^de X^l^T^u^ 
evaporation glass was laid on top of this, it was left at 50 degrees C for 10 b^p^ZLtion 
reaction was performed, and the photoelectrochemical cell ofan example 29 Sg me^nT 
electrolyte .constituent of this invention was obtained. The photoelectrochemic^ K ^Samples 30- 

example 29 except having changed fused salt, siloxane compounds and those mass ratios and an 

and * - sho ™ * the following table 4. The colormg mSteTuS for 

the photoelectrochemical cell of the above-mentioned examples 29-39 fused salt and itam^^S« 

are coUeelively shown in Table 4. In addition, the mole ratio of an electrophik, agenda moteStiT 
TaSe : leCtr ° pMlC P3rt ° fthe elec *>P^ ^ent to the reactive site of a JL£cot£2 am^g 



[0156] 
[Table 4] 
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wow 



2fel&fli38 



ft* 



R-1 
R-1 



R-1 



R-1 
R-1 



R-1 



R-1 



R-1 



R-1 



R-1 



aw* 



A f 60) / B (28) 
A (60) / C (28) 



A {60) / C (28) 



A (60) / B (28) 
D (60) / C (28) 



P (60) / C j 



P {60) / C (28) 



P {60) 7 C (28) 



A (60) / C (28) 



A (80) ; C (28) 



A {60) / C (28) 



3** 



&3J1L- 



&3 0)_ 



5*<D_ 



E3(D 
E-12 (1) 



£3 (051 &5 (0.1) 



&3 0) 



1 ^ (10) 



1-4 (10) 



MflO) 
M (10) 



1-8 (10) 



1-4 (10) 
Mi (10) 



1-17 (10) 



[0157] The photoelectrochemical ceU of the example 7 of comparison was produced ^^above- 
mentioned example 3 of comparison except having changed to example of companson 7 propylene 
carbonate and having used the above-mentioned compound C. 

^ 5 sTf'The station sunlight which does not include ultraviolet rays was generated by letting 
Effilct made from Oriel), and a sharp cut filter (Kenko W2) pass for f light of the 
xenon lamp of measurement 500W of a photoelectric conversion efficiency (product made from 
USfflO mecS and electric equipment). This luminous intensity was 86 mW/cm2. The electrical 
ScSc Sment which irradiated the photoelectrochemical cell of die examples 1-39 produced 
TsOdS™ C and the examples 1-7 of comparison, and generated this simulation sunlight was 
tZ^SZ ^^e^urrent-potential measuring device (case rhe SMU238 typ^The decreasmg rate of 
meXrt-cfrcuh current density (Jsc) of each photoelectrochemical cell called for by this, an open 
c^ui'vo^o^ a form fector (FF), a conversion efficiency (eta), and the conversion efficiency 
after 360-hour continuous irradiation is shown in Tables 5-8. 
[0159] 

[Table5] __ 




[0160] 



1 1 ctuic u 

1mm 
mm" 

**«12_ 


J 

(JSC) 

9.12 
857 
839 
9.10 
9.12 


RME 

(Voc) 
V 

0.68 
0.67 
057 
Off 
058 


WW* 

(FF) 

0.67 
036 
056 
057 
056 
056 


(a) 

H 

4.11 
356 
352 
358 
^ 454 
351 


(3608HIKI) 
% 

42 1 
36 
35 
41 

r 37 

33 


*Jfc«13 n 

xmu 

«6«1S 
__jgg_1B 
g»«17 

] ttjgjjg 


9.10 

9.11 

f 7.67 

~ 758 

222 


0.66 
0.67 
0JB8 
0J69 

058 

0J64 


056 

056 ~~ 
057 
057 
055 


357 
3>40 
347 
358 
157 


29 
33 

37 
62 



[0161] 
[Table 7] 
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t 



FJT7TT1 

toga 

EH3I 
ESI 



Use) 
mAfcm 3 



8L11 



5.08 
920 



&11 
928 



9.14 



9.13 



agg 

8.10 



IMS 

V 
031 



032 

042 



0j60 



0J60 
0.60 



OjBI 



839 
838 



735 
730 



0jB1 
OjGZ 



030 
0JB1 



gjg 
055 



0j82 



(FT) 



037 
038 



0j68 



038 



037 



038 



037 



038 



038 



037 



037 



038 
039 



038 



(l?) 
96 



3.88 



330 



339 



339 



3.70 



18 



18 
17 



17 



339 
3.74 



339 



338 



333 



2.75 



238 



231 



18 



18 



14 



16 
15 
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[0162] 
Table 8 



5SS0129 



Use) 
mAfcm* 



(Voc) 
V 



820 



820 
839 



828 



828 
825 



827 



8.01 
7.11 



1.40 



0.57 



039 
039 



035 



0.80 



031 



0.58 



038 



0.60 
0.81 



030 
0.52 



0T) 



035 



035 



034 
035 



035 
034 



055 



034 



035 



034 



034 



030 



(9) 



238 



339 



333 



235 



3.18 
3.17 



338 



331 



234 



2.72 



238 



042 



18 



18 



17 



17 



18 



14 



15 
14 



15 



improve in connection ? taKEta* SSLTSI. - ' inVe,1 ' i0,l h 
degradation alter dark place praeraSSS.^^ 7 „ M f°^ a,thon « h 
examples 1 and 2 of comparfaon whfch photoelectrochemical cell of the 

and examples 1-7, ^^^^32?!^ 11 " coas6tm "- 
improved. Moreover! Table 6md8 W to of to mveation shows that endurance fa 

of 29-39 nsing the second el^l^h^fT^ 8 " 17 ? d the Photoelectrochemical cell 

[Translation done.] " ================== ^^ 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAW INGS 



[Brief Description of the Drawings] . , . v 

[Drawing 11 It is the fragmentary sectional view showing the structure of the desirable optoelectnc 

transducer of this invention. . , . . 

[Drawing 21 It is the fragmentary sectional view showing the structure of the desirable optoelectnc 

transducer of this invention. / . , . . 

[Drawing 31 It is the fragmentary sectional view showing the structure of the desirable optoelectnc 

transducer of this invention. . , 

[Drawing 41 It is the fragmentary sectional view showing the structure of the desirable optoelectnc 

transducer of this invention. . 

[DrawingSI It is the fragmentary sectional view showing the structure of the desirable optoelectnc 

transducer of this invention. . , 

[Drawing 61 It is the fragmentaiy sectional view showing the structure of the desirable optoelectnc 

transducer of this invention. . . 

[Drawing 71 It is the fragmentaiy sectional view showing the structure of the desirable optoelectnc 

transducer of this invention. . , 

[Drawing 81 It is the fragmentaiy sectional view showing the structure of the desirable optoelectnc 

transducer of this invention. 

[Description of Notations] 

10... Conductive layer 

10a ... Transparent conductive layer 

11 ... Metal lead 

20 ... Photosensitive layer 

21 ... Semiconductor particle 

22 ...Coloring matter 

23 ... Charge transportation material 
30 ... Charge transporting bed 

40 ... Counter electrode conductive layer 

40a ... Transparent counter electrode conductive layer 

50 ... Substrate 

50a ... Transparent substrate 

60 ... Under coat 
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damages caused by. the use of this translation 

1 This document has been translated by computer. So the translation 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



may not reflect the original 




[Drawing 1] 




rDrawing 3] 




[Drawing 4] 
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[Drawing 81 
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